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SUMMARY
4,000 Gram-positive, catalase-positive cocoal isolates 
fSt.at)hylococcus and Micrococcus ) were obtained by randomly selecting 
20 colonies from face and abdomen plate cultures of _$0 male and 50 
female individuals.
1,888 isolates (47.2 per cent) were Micrococcus ; 2,112 were 
Staphylococcus. A four-test scheme (anaerobic acid production from 
glucose, anaerobic growth in thioglycollate medium, lysostaphin 
sensitivity and coagulase production) permitted successful 
diff erentiation.
The Micrococcus isolates were subjected to a battery of seven
tests which in a preliminary study had proved to be.of good differential
ability (pigmentation, growth on 7.5 per cent NaGl, aerobic acid . 
production from glucose, gelatin hydrolysis, nitrate reduction, acetoin 
production and arginine dihydrolase). Using these test results and a 
matrix-reduction computer programme (BIOTYPE) the isolates were grouped 
into 190 biotypes.
The 190 biotypes were then reduced, by cluster analysis 
(GLUSTAN lA programme), to 35 groups and subgroups of Micrococcus.
30 of the groups and subgroups were assignable to 8 recognised species 
of Micrococcus, namely, M. luteus, M. varians, M. lylae, M. halobius,
M. kristinae. M. sedentarius. M. roseus and M- nishinomiyaensis. The 
remaining 5 were unidentifiable.
The 100 individuals were also grouped by cluster analysis, using 
as data the occurrence and relative abundance on their skin of the 35
Microcoocus groups and subgroups. 4 clear groups of individuals were
discerned, of broadly differing Micrococcus profiles ; one contained - 
predominantly males and another, females. 6 Micrococcus groups or sub­
groups appeared to be important in determining this grouping, namely,
M. varians 1,2 and ^a, M, luteus l8a, M. lylae 23 and M . halobius 
Each of these 6 showed significant negative associations, with respect 
to relative abundance on the skin, with one or more of the others, 
suggesting mutual antagonism or the existence of different physiological 
skin conditions favouring some forms whilst repressing others.
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I N T R O D U C T I O N
INTRODUCTION 
1, The bacterial flora of the skin
1.1. Concept of resident and transient flora
Price (1938), following a study on removal of bacteria from 
the hands and arms by washing, concluded that skin bacteria were 
of two types; transients and residents. Transients were bacteria 
from extraneous sources, might be of unlimited variety and lying 
free on the skin or attached loosely by grease, fats and dirt.
They were present most abundantly on exposed areas of the skin. 
Residents were the relatively stable population both in size and 
composition. They increased by multiplication of those organisms 
already present or perhaps occasionally by addition from extraneous 
sources: their decrease was due to such causes as friction, washing
or death of bacteria. The abundance of the flora at any time was 
the net result of these opposing factors. However, Price's concept 
of transients and residents was perhaps oversimplified by him.
Moreover, he regarded the coagulase-negative Micrococcaceae and 
diphtheroids as the resident flora, and Staphylococcus aureus. 
Pseudomonas and Trichophyton as among the transient organisms; yet 
Staphylococcus aureus at least is now regarded 'as a multiplying 
resident. Noble and Somerville (1974) considered that the skin 
bacteria could be placed into three categories: transients (those 
contaminating organisms which are not multiplying), temporary 
residents (contaminants which multiply and persist, though for a 
short period only) and residents (the permanent multiplying inhabitants 
of the skin). Nevertheless, so little is known of the skin flora 
that it is not even certain that there are truly permanent 
inhibitants.
In a study of the normal flora of five skin sites over a period 
of six months, Noble and Somerville (1974) found that the principal 
components of the coccal and diphtheroid flora appeared to be 
constant although other groups of organisms were more variable. This
led them to conclude that some inhabitants of the skin are probably 
permanent and others only semipermanent or transient. Apparently, 
it is safer and perhaps more accurate to define transients as 
contaminants, non-reproducing flora, and residents as the organisms 
that grow and reproduce, even if only temporarily, on the skin 
surface under normal conditions,
1.2, Composition of the normal flora
The normal flora of the skin may be residents or transients 
based on the \>revious concept, however, to be precise they are more 
often regarded as the type of organisms which are almost always 
found or can be isolated from the skin surface. These include 
corynebacteria or the diphtheroids, Micrococcaceae, streptococci 
and a variety of Gram-negative rods.
1,2.1.Corynebacteria
These are members of the genus Corynebacterium, commonly termed 
diphtheroid. They are the numerically dominant residents on many 
skin sites and are found on the skin of most people. The species 
which has received the most extensive study is Corynebacterium 
acne5 presumably because of its believed contributary role in the 
causation of acne. It is a strictly anaerobic diphtheroid which may 
readily be isolated from the skin and in some areas may exceed the 
number of aerobic organisms present (Evans jet 1950, Marples 1969, 
Somerville and Murphy 1973). Areas containing large sebaceous 
follicles such as the face, presternum and upper back have been 
reported as carrying most of the organism, outnumbering the aerobic 
flora by 10 to 100 folds (Kligman 1965), On the contrary, in areas 
with few sebaceous follicles C. acnes tends to be rare: for example, 
Marples (1965) could find it only with difficulty on the skin of the 
legs and arms; Shehadeh and Kligman (1963^)examined a large series 
of samples from the axillae and did not isolate the species at all.
In a study by Marples and Williamson (1969) the organism was not 
found to be numerically dominant. However, C, acnes may well be
widespread over the skin perhaps in the majority of the adult 
population, and Somerville and Murphy (1973) isolated it from the 
skin of all 22 subjects sampled. Although C. acnes is now regarded 
as being, in majority of persons a harmless member of the cutaneous 
flora, the fact remains that this organism does, on occasion, play 
a role in primary and secondary aetiology of acne (Savin 1972),
The other species of Corynebacterium are the aerobic diphtheroid 
which are commonly found in large numbers on areas of the skin where 
relative humidity is high. These species include Corynebacterium 
minutissimum, C, xerosis, C. bovis, C. pseudotuberculosis,
C. ulcerans and C, renale, and may be regarded as members of the 
normal skin flora.
41.2,1.A. Significance of corynebacteria in relationship to disease
In their relationship to diseases there are reasons to believe 
that the corynebacteria are involved in the aetiology of specific 
skin infections such as trichomycosis axillaris, erythrasma and 
probably play some part in pitted keratolysis.
Trichomycosis axillaris is an infection characterised by the 
appearance of nodules, usually on axillary or pubic hair, occasionally 
on the beard. These nodules may be yellow, red or black (Crissey e^ 
1952, Marples 1965) and are more easily recognised as the hairs 
involved fluoresce from bright blue to pink or white under Wood's 
light. Although this condition is generally considered as harmless, 
and requires no special treatment Orfanos £t £l_, (1971) found that 
this could lead to damage of the hair which they felt would necessitate 
treatment. The aetiological agent of trichomycosis axillaris was 
named by Crissey _et (1952) as Corynebacterium tenuis, however 
McBride ^  al. (1968) discovered that there is more than one 
biochemical type of Corynebacterium involved. This was confirmed by 
Shehadeh and Kligman (1963b)who could not associate any particular 
diphtheroid with the lesion, while Savin jet ^,(1970) found the 
diphtheroids isolated from affected hairs to be those of the normal 
axillary flora.
Erythrasma is a superficial infection of the skin defined by 
scaling and slightly brown or red lesions which fluoresce various 
shades of red or typically coral red when examined using Wood's ultra­
violet light. These lesions may be found widespread over the skin 
surfaces in tropical or subtropical climates. However, in the 
temperate they are more restricted to intertrigenous areas of the 
skin particularly the axillae, groins; and toewebs. In addition, 
they may also be found in the submammary and periumbilical regions. 
Sarkany ^  (1961) in their study on the aetiology of the infection
were able to isolate a diphtheroid which they named Corynebacterium 
minutissimum from all forms of erythrasma viz. the classical
5
genitocrural type, the generalised form and erythrasma of the toewebs. 
However, they did not isolate similar organisms from healthy skin. 
Thus, many other workers reported the involvement of other organisms 
e.g. Partridge and Jackson (1962) suggested a Bacillus species,
Dockx. (1971) a Streptomyces species, and finally Somerville (1973) 
inaluded seven groups of fluorescent diphtheroids in her proposed 
grouping scheme for the organisms and indicated that any of the group 
might be isolated from lesions of erythrasma or from healthy skin.
1.2.2. Micrococcaceae
The second major component of the human skin flora consists 
of members of the Micrococcaceae. These are Gram-positive, 
catalase-positive cocci and include members of the two major genera ' 
Staphylococcus and Micrococcus. For many years the classification 
of these organisms has been confused to such an extent that a 
detailed study of these organisms on the skin was a discouraging 
and almost impossible task. Eventually, a scheme for the 
classification of the Micrococcaceae was proposed by Baird-Parker 
(1963) and this led to a renewed interest in skin microbiology. In 
the Baird-Parker's scheme, the Micrococcaceae are divided into two 
major groups, namely the genus Staphylococcus, members of which are 
able to grow anaerobically and ferment glucose, and the genus 
Micrococcus which comprises aerobic cocci unable'to ferment the sugar. 
Staphylococcus is divided into six subgroups viz. Staphylococcus type
1 to type 6 or denoted by SI, S2, S3 ....  to S6; and Micrococcus
into eight subgroups viz. Ml, M2, M3, ..................  to M8,
on the basis of a series of simple biochemical tests. Further 
details will be given in a following section.
In his study on skin carriage of the Micrococcaceae, Noble 
(1969a) reported a recovery of 90 to 100 per cent of the organism 
from swabs of various skin sites such as the nose, chest, 
periurabilicus, groin, thigh, shin, shoulder, forearm, toeweb, 
axillae, each cheek and forehead of 378 adults. He was able-to c 
conclude that only three of the Baird-Parker types were common on 
the skin, Staphylococcus type 2/3 (S2/3), Micrococcus type 2/5 (M2/3) 
and Sarcina. Noble used the combinations 82/3 and M2/5 to
indicate that the organisms might either belong to Staphylococcus 
type 2 or type 3 and Micrococcus type 2 or 5,due to difficulties 
in interpreting his test results, particularly with regard to 
acetoin production by his isolates. Despite this degree of 
uncertainty in his findings, Noble was able to show that other 
types, namely Staphylococcus type 1 (SI) and Micrococcus Ml, M2 
and M3 were present on human skin though with a low percentage 
carrier rate. In addition, he suggested that Micrococcus Ml 
was more frequent on the greasy skin areas of adults. The term 
Sarcina was at that time taken to mean Gram-positive, aerobic 
cocci arranged in packets of four or eight, and was included in the 
original scheme of Baird-Parker*s, though it is now reserved for 
anaerobic organisms in the 8th edition of the Bergey's Manual 
(1974). This will be discussed later.
In a later classification of the Micrococcaceae, Baird-Parker 
(1974&)simplified his scheme to include 3 named species of 
Staphylococcus; S. aureus (Sl), S. epidermidis (S2 to S6) and
S. saprophyticus (his previous Micrococcus type 1 to 4), The rest 
of the Micrococcus groups were also reduced to 3 species: M.luteus 
(M7), M. roseus (M8) and M. varians (M5 and M6). Referring to the 
results of Noble's (1969b), the identity of the common groups of 
Micrococcaceae on human skin now becomes clearer-. Staphylococcus 
type 2/3 is S. epidermidis, as also noted by Baird-Parker (1974b); 
Micrococcus type 2/5 may either be Staphylococcus saprophyticus 
of Micrococcus varians (the latter has been reported by Kloos ^  al. 
(1974) to be the predominant species on the skin).
The genus Sarcina has in the past been regarded in most 
medical literature as a group of aerobic, saprophytic, yellow- 
pigmented, packet-forming cocci commonly isolated from thé human 
skin (Glass 1973, Kligman 1965, Marples 1965). According to Skerman 
(1959) this genus was best treated as two groups, the aerobic and the 
anaerobic forms. At present, it is generally accepted that the term 
Sarcina be restricted to the anaerobic, packet-forming. Gram-positive
cocci and included under a different family, the Peptococcaceae (Buchanan 
and . Gibbons 1974). The aerobic forms appear to be Micrococcus 
type 7 in the old Baird-Parker classification (Noble and 
Somerville 1974) and are thus to be included under M, luteus in 
the modernized Baird-Parker scheme. It has been found in recent 
taxonomic studies that Sarcina maintained in various culture 
collections in fact belong to a number of Micrococcus species such 
as M. luteus and M. varians (Kloos 1969, Kocur and Martinec 1965,
1972, Kocur £t 1972, Schleifer £t ad, 1972), Therefore, the 
Sarcina group organisms isolated by Noble (1969b) could have been 
of either Micrococcus species or both.
Kloos e_t (1974),in their study of the human skin,attempted 
to classify the micrococci to species level and showed that beside 
the two predominant species (M. luteus and M. varians) there were 
others viz. M. roseus and forms which were given the names 
M. sedentarius, M. kristinae, M. nishinomiya.ensis and M. lylae 
present in significant number on the skin of some human individuals. 
Detailed records of the organisms with regard to their specific skin 
sites were, however, not given.
1.2.2,A, Significance of the Micrococcaceae in relationship to disease
Among members of this group of cutaneous microorganisms 
Staphylococcus aureus (Baird-Parker's Subgroup 1) is the only 
species whose pathogenic role is clearly defined. This organism 
may be involved in infections ranging from various skin disorders 
such as impetigo, furuncles and other suppurative diseases ( e.g. 
wound infection) to the deep-seated, intractable forms such as 
osteomyelitis, pneumonia and lung abscess, and also in food 
poisoning and bacteraemia. Since these infections,together with 
numerous other forms of staphylococcal infections have been 
discussed in greater details by several authors (Elek 1959, Williams 
et al. 1969, and Cohen 1972) it will only be appropriate to 
briefly deal with some of the common infections.
Impetigo involves the superficial layer of the skin forming 
pustules which progress to honey-coloured crusts. The disease is 
common in infant and young children and occurs less frequently in 
adults. In temperate climates. Staphylococcus aureus is the most 
frequently isolated organism in impetigo lesions though in a region 
such as southern part of the United States of America Dillon (1968) 
found that impetigo was predominantly a streptococcal disease, 
i.e. 59 per cent of the lesions yielded Staph, aureus whilst 86 per 
cent of the lesions produced p-haemolytic streptococci.
Furuncles or boils are all local staphylococcal infections 
and occur most commonly on the face, neck, axillae, forearms, 
buttocks, thighs, breast, upper back and labia (Shulman and Nahmias 
1972). In a study of staphylococcal infection in general practice,
Kay (1962) found that in patients infected with the same Staph, aureus 
strain as they carried in the nose, the distribution was biased towards 
the head and neck. In 29 patients infected with a Staph, aureus 
strain not carried in the nose, the distribution was biased towards 
the legs and axillae, suggesting that axillary and perineal 
staphylococci were contributing significantly to infection. Gould and
Cruikshank (1957) had reported a similar distribution. Therefore, 
it seemed almost certain that the site of furuncles is determined 
by the source of the organism. The strains involved are principally 
from phage Group I and II. An outbreak due to phage type 52/52A/80/81 
among nurses and patients was reported by Shooter et (1968),
In all the nurses, lesions were in the forearms. Wesley-James and 
Alder (1961) discovered that strains found in septic fingers were 
mainly of phage Group I type 80 and type 52A/79, and these strains 
were not carried in the nose. In various other parts of the world 
this form of cutaneous infection was due to phage type 80 strains 
(Johnson ^£1,. 1960), Jevons and Parker 1964).
A severe form of staphylococcal skin infection, similar to 
impetigo, is known as staphylococcal toxic epidermal necrolysis, 
scalded skin syndrome or Ritter's disease. This disease starts as 
a localized lesion, followed by a widespread erythema, exfoliation 
of the skin and a period of severe illness lasting 2 to 7 days 
(Shulman and Nahmias 1972). It has recently been agreed that this 
disease is caused by strains of Staph, aureus of phage Group II, 
in particular type 71 (Jefferson 1967, Lyell e_t a]^ . 1969, Melish 
and Glasgow 1970).
The pathogenic role of coagulase-negative cocci in skin 
diseases still remains to be determined. However, in other diseases 
these organisms are known to be the causal agents. They are known 
to cause at least three types of infections i.e. blood stream 
infection, colonization of surgical prostheses, and urinary tract 
infection. Blood stream infection due to coagulase-negative cocci has 
been reported in a number of cases. For example, Wilson and Stuart 
(1965) described 'Staphylococcus albus* as the aetiological agent of 
wound infection in 4.4 per cent of the 1,200 wound infections they 
studied. Speller and Mitchell (1973) found B-P S II (Baird-Parker's 
Staphylococcus subgroup II) to be most frequent in staphylococcal
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endocarditis. 'Staph, albus' was associated with renal disease 
bacteraemia in three patients with infected ventriculo-atrial 
shunts examined by Rames and his colleagues (1970). Moncrieff et al. 
(1973) recorded a high antibody titres to 'Staph, albus' in patients 
with a Spitz-Holter valve, in association with glomerulonephritis.
Colonization of valves by coagulase-negative cocci and 
resulting in septicaemia was reported by Callaghan and his colleagues 
(1961). Holt (1972) made a detail study on the colonization of 
ventriculo-atrial shunts in 30 children with infected shunts. He 
found that in 29 children the shunts were infected by B-P S ÏI and 
one was colonized by Baird-Parker's Micrococcus subgroup 6 (B-P M6),
In urinary tract infection, particularly cystitis in women, 
Mitchell (1968) and Bailey (1973) most frequently found B-P M3 and 
hence described the organism as the causal agent. According to 
Torres-Pereira (1962) the strains with a common antigen *51* 
isolated from 40 cases of urinary tract infection were all B-P M3.
It therefore becomes clear that Baird-Parker*s Micrococcus subgroup 
3, which is now classified as a Staphylococcus species (Baird-Parker 
1974b),is a specific urinary tract pathogen, though the organism 
was found to be significantly more common in surgical lesions below 
the waist than above (Bosscher-Zonderman and Smith 1973).
In skin disease, the only lesion which can be associated with 
coagulase-negative cocci is acne. Shalita and Rosenthal (1972) 
usually isolated B-P S II from acne lesions, however^ the organism 
was thought to play only a minor part in this infection.
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I.2.2.B. Significance of micrococci in food spoilage
It should be pointed out that since the present study concerns 
principally with a study of the micrococci, the inclusion of this 
section here somehow seems most appropriate. Moreover, there 
obviously seems to be a possible relationship between micrococci 
found on the human skin and in foods; the former tends to be 
constantly dispersed from the skin surfaces into the environment 
and thus can become transmitted directly or indirectly to foods.
There are 25 most important genera of bacteria known to 
cause food spoilage and Micrococcus is one of them. The primary 
sources of micrococci to foods are soil, water, air, dust, food 
utensils, and skin of man, in particular, of the food handlers.
The organism is widely distributed in^nature and therefore can 
easily be acquired as contaminants in foods during processing, 
handling, packaging and storage. Hence, unless the foods are 
made sterile they should be expected to contain among other 
bacteria certain types of micrococci. Whether this will lead to 
spoilage of foods certainly depend upon the kinds and numbers 
of the organisms present and upon the environment about them 
(Frazier and Westhoff 1978). ,In general, most raw foods contain 
a variety of bacteria, yeasts and molds; because of the particular 
environmental conditions, only a small proportion of the kinds of 
microorganisms present will be able to grow rapidly and cause 
spoilage,
The kinds and numbers of the microorganisms that will be 
present on or in food, according to Frazier and Westhoff (1978), 
will be influenced by the kind and extent of contamination, 
previous opportunities for the growth of certain kinds, and 
pretreatments which the food has received. Contamination may 
increase numbers of microorganisms in the food and may even 
introduce new kinds; growth of microorganisms on or in foods will 
obviously increase the number; and pretreatments of foods may 
remove or destroy some kinds of microorganisms, add organisms,
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or change the proportions of those present. The presence of 
micrococci on or in food is mainly through contamination, as 
discussed above, however it should be noted also that it is those 
certain characteristics of the various groups of micrococci 
which enhance their ability to grow and therefore determine 
their presence. Frazier and Westhoff (1978) described these 
characteristics as follows: 1. some species of micrococci can
utilize ammonium salts, or other nitrogenous compounds as sole 
source of nitrogen; 2. most species can ferment sugars with the 
production of moderate amount of acid; 3. some species are 
acid-proteolytic; 4. some are salt tolerant and hence able to 
grow at relatively low level of available moisture and in meat 
curing brine; 5, many are thermoduric i.e. they survive the 
pasteurization treatment given market milk (e.g. M. varians);
6, some can grow fairly well at temperature 10°C or below.
In addition, Anderson and his colleagues (1961) claimed 
Micrococcus radiodurans as one of the most radioresistant 
bacteria which can survive radurization, a process which, 
according to Jay (1979), may be considered equivalent to 
pasteurization; it refers to the enhancement of the keeping 
quality of a food by causing substantial reduction in the numbers 
of viable specific spoilage microbes by radiation.
Because of these characteristics the Micrococcus species 
are known to occur most frequently on fresh and spoiled meat, 
processed meats, vacuum packaged meat, bacon, and poultry (Jay 1979) 
Food spoilage by micrococci has been reported, however there have 
been only a number of occasions in which the organism was 
described as the major cause e.g. Tonge £t £l. (1964) found that 
vacuum packed bacon became sour due primarily to micrococci and 
lactobacilli; whilst Frazier and Westhoff (1978) pointed out the 
fact that micrococci made curing solution for meat ropy or slimy. 
They also indicated that a type of spoilage called 'red sap' 
is caused by Micrococcus roseus which produces the characteristic 
red or pink pigments. In most other reports the role of
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micrococci in spoilage of food has been regarded as minor ones 
perhaps because they were among several other genera of bacteria 
present on the spoiled food. For example, Jay (1979) mentioned 
the genus among several other bacteria recovered from spoiled 
oysters, spoiled eggs, and raw milk held at refrigerator 
temperatures for several days. According to Jensen (1954), 
Micrococcus and other genera may cause souring in ham. It is 
interesting to note that almost all available reports on food 
spoilage, in particular, by micrococci deal with the organisms 
down to genus level only. This suggests that the fdod micro­
biologists may regard the precise species or type of Micrococcus 
as being of little importance in determining the nature of the 
spoilage or the approach to its control - which may or may not 
be a correct attitude.
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1,2.3. Streptococci
The Streptococcus group may form part of the normal skin 
flora on certain sites and in certain categories of individuals. 
The p-haemolytic type, though sometimes found on the skin, is 
in most instances regarded as a non-resident. Alpha haemolytic 
streptococci, which inhabit the mouth, may be found on the face 
and in infants over much of the body. Alpha and ^—haemolytic 
streptococci were reported by Somerville (1966) to be well 
dispersed over the body surface except on the nail and in the 
axillae and were more common in infants than in the older age 
groups.
Although (3-haemolytic streptococci are rarely found on 
normal skin they are known* to be present in the throat of about 
10 per cent of many normal populations (Colebrook and Maxted 
1933, Williams and Miles 1949, Kligman 1965). In examining 
the hands of 181 normal individuals, Colebrook £t £l. (1935) 
discovered that almost all of them carried cC-haeraolytic strep­
tococci; 17 carried p-type of which 7 were group A, 3 group H 
and the rest group C, F and G or unclassified. Dudding £t al. 
(1970) suggested that prior to an outbreak of skin infection 
by p-haemolytic streptococci, the organism is likely to be found 
on the normal skin; over 95 per cent of the streptococci isolated 
from normal skin were shown to consist of two strains,, both of 
which could cause pyogenic infection. A certain degree of 
survival and probably multiplication at the skin sites was 
suggested.
1.2.4. Gram-negative rods . _
The groups usually isolated from the skin include 
Pseudomonas, Proteus, Klebsiella, Mima/Herellea and coliform 
organisms. The coliforms comprise a heterogenous group 
belonging to the genera Achromobacter, Aerobacter, Alcaligenes,
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Escherichia, Paracolobactrum, Flavobacterium and Serratla 
(Chromobacterium). The Gram-negative rods are comparatively 
rare on normal skin, only occasionally being found in quantity 
in moist areas. However, the Mima/Herellea group may be part 
of the normal flora of the axillae, groin and toewebs (Tapiin ^  ^  
1963, Somerville 1966, Somerville and Noble 1970) and Ercherichia, 
Proteus and Flavobacterium have been isolated by Somerville and 
Noble (1970) from similar sites of healthy young adults.
The frequent presence of coliforms on the skin indicates 
no more than that they are purely transient members of the flora. 
For example, faecal coliforms disappear rapidly from glabrous 
skin (Lowbury and Fox 1953). They have been shown by Holt and 
Leitch (1970) to disappear within two hours from the buttocks 
where they have been deposited naturally. Similar results were 
obtained using artificially applied cultures (Payne 1949, Ricketts 
e_t £l. 1951). The coliforms and other Gram-negative rods appear 
to be very much dependent on the humidity maintained on the skin 
surface: they are both common and abundant in areas where the 
relative humidity is high. In addition, Stratford £t al^ , (1968) 
demonstrated an increase in these organisms on the skin of patients 
with pyrexia. It seems that, among other factors, sweating and 
bed baths contribute to this increase. On the other hand, 
dessication may account for the rapid disappearance of these 
organisms on glabrous skin as reported by Lowbury and Fox (1953),
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1.3. Factors affecting the skin flora
There are several factors involved in determining the 
composition and distribution of the microbial flora of the skin. 
These have been discussed in details by various authors (Marples 
1965, Noble and Somerville 1974, Woodroffe and Shaw 1974); 
therefore, they will be considered here very briefly. It is 
important to note that being ecological factors, they are often 
interrelated with one another, Hence, the evidences which they 
produce independently in vitro usually result in generalised form 
of conclusions of the true happenings in vivo, which can 
sometimes be misleading.
These factors can be summarized as follows; Temperature, 
humidity, pH, light, nutrient availability and inhibitors. The 
intrinsic factors principally nutrient and inhibitors include 
apocrine sweat, eccrine sweat, stratum corneum, lysozyme, skin 
surface lipids and bacteriocins.
According to Marples (1965), the skin temperature in an 
ordinary comfortable environment maintained the general level 
between 30 and 33°C, or about 5°C below the internal temperature. 
She also stated that, though there was regional variation, the 
temperature was only rarely and for brief periods raised above 
37°C. Whilst there is no question about the effect of internal 
temperature other than providing a warm equable climate on the 
skin surfaces for the microbial population to grow, there are 
however some other effects brought about by the external or 
environmental temperature. For example, prolonged exposure to 
cold may result in permanent damage of the skin, which will alter 
the population. Moreover, Marples (1965) also pointed out the fact 
that the population on the limbs would be subjected to far greater 
variations of temperature and might be required to survive periods 
of relatively severe cold. The temperature above 20 to 25°C might 
influence growth (Noble and Somerville 1974).
1?
It has been generally accepted that water is the primary 
factor for growth and in some cases, survival of the skin 
flora. The areas of the body where humidity is highest e.g. the 
toe-webs and axillae, almost always yield very dense population 
(Woodroffe and Shaw 1974). In their study on the effects of 
hydration of the stratum corneum on supporting bacterial 
growth in vitro. Blank and Dawes (1958) found that Gram-positive 
micrococci grew at 29 per cent hydration whereas diphtheroids 
required a higher degree of hydration i.e. 70 per cent. Marples 
R, R . (1965) examined the effect of occlusion of.the skin in
vitro by using an occlusive device which produced 100 per cent 
hydration of the stratum corneum. The device was applied on the 
forearms of adult male volunteers and he found that after 
several days of occlusion there was a change in the population 
of the flora. The Gram positive cocci viz. staphylococci and 
Sarcina, which contributed to 80 per cent of the population 
before the occlusion, were consequently reduced to a few cocci; 
and the diphtheroids' increased from originally 20. per cent to 
virtually colonizing the occluded area. However, the author 
emphasized that the impermeability of the occlusive material 
would favour growth of facultative anaerobes and microaerophilic 
strains, and therefore this could have affected the Sarcina spp.
The pH of the human skin has been investigated by various 
workers (Beare ejt £l. 1959, 1960, Behrendt and Green 1971) 
and reported to decrease from practically neutral pH at birth 
to the value of about 5.5 after four weeks. This value was 
normally maintained for the rest of life. According to Noble 
and Somerville (1974), the pH of the axillae, groin and skinfolds 
was higher than at the open sites. In the review of various 
findings by other investigators, these writers summarized that 
whilst the Gram-positive cocci might be isolated from the skin in 
virtually all parts of the body the aerobic diphtheroids were 
particularly common in areas such as the axillae, groins and the 
toe-webs. In addition, Pillsbury and Rebell (1952) who studied 
on factors influencing the growth of the skin bacterial flora
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came to the conclusion that diphtheroids preferred a higher pH 
value than the cocci. Therefore, in view of these the higher 
pH value probably accounts for the common occurrence of 
diphtheroids particularly in the areas such as the axillae, groin 
and toe-webs.
Although little attention seemed to have been paid to 
light in skin microbiology it does seem important in some situations.
The ultra-violet light is known to be lethal to many microorganisms 
and therefore it must have some effects particularly in areas 
which are always exposed such as the face and hands. Prolonged 
exposure to sun rays may lead to permanent damage such as the 
incidence of skin carcinoma of various types which were reported 
(Ormsby and Montgomery 1954)•to be initiated by light. This 
damage may alter the population. Under ordinary conditions, the 
obvious effect will be in reducing the microbial population on 
exposed areas particularly the face.
The apocrine sweat is secreted by the apocrine glands which 
are restricted to areas such as the axillae, anogenital region 
and around the nipples. The vast majority of the glands are 
found on the axillae. The apocrine sweat was described by Hurley 
and Shelley (1960) as containing ammonia, carbohydrates and proteins. 
Beside providing the nutrient, the apocrine sweat was reported to 
be slightly higher in pH value than the eccrine (Woodroffe and Shaw 1974) 
Therefore, the axillae supplemented with nutrient and high pH value 
by the apocrine sweat, together with high humidity would, according 
to Woodroffe and Shaw (1974), greatly favour growth of the 
diphtheroids,
Eccrine sweat is derived from the eccrine glands which are 
found everywhere on the body with uneven distribution. The 
composition of the sweat is mainly sodium chloride and water.
Other substances present in lesser amount are lactic acid, urea, 
amino acids of plasma, traces of zinc, iron and copper 
(Woodroffe and Shaw 1974). One of the main characteristics of 
the skin population, in particular the micrococci and staphylococci,
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is Lheir ability to grow on medium containing a high 
concentration of salt (Baird-Parker 1963, 1965, Klbos jet al^ . 1974) 
and also these organisms were reported by Smith (1971) to possess 
the ability of utilizing lactic acid as an energy source in a 
minimal medium.
The outer layer of the skin i.e. stratum corneum, is made 
up of keratinized cells which contain water-soluble and ether- 
soluble materials. The water-soluble materials are mainly 
amino acids and peptides and breakdown products of-nucleic•acids 
(Laden 1965, Burke £t £^. 1966). The ether-soluble fraction 
consists of epidermal and sebaceous lipids commonly termed 
skin surface lipids. These materials are potentially essential 
nutrient for the cutaneous microflora.
Lysozyme is mainly found in saliva, tears, milk and 
leucocytes. It has been reported to occur in the skin (Ogawa 
e_t al^ . 1971) and on the skin surface (Klenha and Krs 1967).
The antibacterial activity of this enzyme is well known, 
however it is uncertain whether this is as important on the skin 
as on other lysozyme-rich areas in affecting the microbial 
ecology.
The skin surface lipids mainly originate from the sebaceous 
glands which are distributed all over the body surfaces except 
the palms, soles and dorsa of feet. The lipids vary considerably 
in total production and composition between individuals and 
different sites. Lewis and Hayward (1971) in their study on the 
composition of skin surface lipids, found that the typical 
composition for human male scalp included saturated hydrocarbons, 
squalene, wax esters, sterol esters, sterols, free fatty acid$ 
and glycerides (tri, di and mono). Among these lipids free fatty 
acids seem to have received much attention probably because they 
appeared to be the major factors in affecting the microbial ecology, 
The effects that these acids produce on the skin flora are either
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inhibitory or stimulatory. For example, the saturated fatty 
acids fraction of the skin surface lipids was pointed out by 
Ricketts e£ £l. (1951) as inhibitory to all skin micrococci, 
Streptococcus pyogenes and Staphylococcus aureus in vitro. 
Similarly, Pillsbury and Rebell (1952) were able to demonstrate 
in vitro the inhibition of skin micrococci and coagulase- 
positive staphylococci by caprylic, capric, lauric, tridecanoic 
and myristic acids, On the other hand, Puhvel and Reisner (1970) 
noted that although saturated fatty acids (Cg - C^g) inhibited 
the growth in vitro of two strains of Corynebacterium acnes, 
oleic acid stimulated their growth. Oleic acid is also 
stimulatory for the growth in vitro of aerobic lipophilic 
diphtheroids of the skin (Pollock e_t a]^ . 194,9, Smith 1970).
Bacteriocins are a class of antibacterial substances 
produced by many genera of Gram-positive and Gram-negative 
bacteria (Woodroffe and Shaw 1974). Reports on these 
substances and other inhibitors of bacterial origin are scarce 
in skin microbiology. However, the subject is of great interest 
and relevance to study particularly when dealing with the 
ecology of the skin microbial flora.
21
1.4. Location of bacterial skin flora
It has been accepted that the skin flora is situated in 
the most superficial layers of the epidermis i.e. on the skin 
and beneath the superficial cells of the stratum corneum 
(Marples 1969, Montes and Wilborn 1969). According to 
Williamson (1965), 4 to 10 strippings of adhesive tapes on the 
skin removed more than 95 per cent of the organisms recoverable 
by the scrubbing technique. This finding was supported by 
Noble (1968) and therefore led to the belief that the skin flora 
are only superficially located. On the other hand, Kligman 
(1965) in his study on the bacteriology of normal skin reported 
that Corynebacterium acnes and other diphtheroids, and cocci 
may be found deep in the lumen of the follicle, in areas with 
sebaceous follicles. Whilst Montes nt al^ . (1966) concentrated 
on the location of Corynebacterium minutissimum in erythrasma 
lesions and came to the conclusion that the organism existed 
on the skin surface, in the intracellular spaces as well as 
within the cells of the stratum corneum. However, they also 
noted that on normal skin the organisms were scantier and occurred 
mainly on the skin surface. Selwyn and Ellis (1972) reported 
that a proportion of the skin bacteria were so deep in the 
follicular canals that up to 20 per cent were beyond the reach 
of ordinary disinfection procedures. Because of the presence 
of these reservoirsi it therefore becomes apparent the process 
of rapid re-establishment of the surface flora after it has been 
removed by artificial means.
1.5. Dispersal of microorganisms from the skin
Most of the interests in dispersal of microorganisms from 
the skin has been based on the possibility of pathogens or 
potential pathogens being disseminated in great numbers to 
contaminate an environment, much at the risk of patients or 
staff in a hospital ward (Ayliffe and Collin 1967, Payne 1967). 
Thus,Staphylococcus aureus received much of the attention which 
however, led to à better understanding of the dispersal of skin
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microorganisms. For example. Noble (1961) showed that 
staphylococci may be found on skin rafts of about 13 pm 
equivalent diameter, whereas Lidwell eh £l. (1959) reported that 
such scales found in hospital wards had an average of 4 viable 
organisms per scale. Therefore, in their studies, Davies and 
Noble (1962, 1963) revealed that the microorganisms on the 
body are dispersed mainly on these rafts or scales as a result 
of desquamation or shedding of the skin. According to May and 
Pomeroy(1972), the skin scales are lost continually from the 
body surface through friction between skin surface and clothings, 
though they may also be lost spontaneously whenever drying of 
the skin takes place. Physical activity of a subject has an 
effect on the rate of dispersal e.g. May and Pomeroy(1972) 
reported that whether the person was dressed or not, when 
subjected to the following conditions : (a) standing perfectly
still with limbs separated, (b) engaged in the standardized 
movements, and (c) engaged in very vigorous physical activity; 
condition (b) yielded very roughly eight times as much output 
of colony forming particles (CFP's) as (a) while (c) gave very 
roughly five times as many as (b). Furthermore, Sciple et al.
(1967) recorded that during a single act of undressing 500,000 
scales" may become airborne; 5 to 10 per cent of these scales may 
carry viable organisms, i.e. depending on the degree of colonization 
of the skin surface. Hence according to them, during natural 
walking movements 10,000 viable particles may be dispersed per 
minute. This would approximate to 200,000 scales lost per 
minute. Therefore, it is highly likely that bathing, showering 
and undressing will produce a greater effect on dispersal of 
skin microorganisms than walking.
23
2. Classification of the Micrococcaceae
2.1, Historical
Cocci were first observed in diseased tissues and in pus 
obtained from human abscesses over a century ago. They were 
called micrococci by Von Recklinghausen (1871); Billroth (1874) 
classified them as monococcos, diplbcoccos, streptococcos and 
gliacoccos on the basis of cell arrangement. It was Ogston 
(1880) and Pasteur (1880) who worked separately, however, 
arriving at similar conclusions that certain pyogenic abscesses 
in man was caused by a cluster forming coccus which was named 
as staphylococcus (Ogston 1882). This name was proposed in 
order to differentiate the organism from the chain-forming 
streptococcus of Billroth's as they were found to produce 
different disease symptoms.
In 1884, Rosenbach succeeded in isolating and growing 
staphylococci which he considered to be similar to those of 
Ogston's, in pure culture, and studied their characteristics in 
the laboratory. His discovery led him to propose the names 
Staphylococcus pyogenes aureus and Staphylococcus pyogenes albus 
based respectively on the orange and white pigments they 
produced. In the later part of his papers, Rosenbach used 
binomials such as Staphylococcus aureus and Staphylococcus albus 
to describe the organisms. This however, caused a confusion in 
the nomenclature which resulted in a period of unsettled disagree­
ment among taxonomists, until finally it was accepted that 
Staphylococcus aureus Rosenbach is the validly published name for 
the nomenclatural type species of the genus Staphylococcus 
(Editorial Board 1958).
Fliigge (1890) placed all cocci under the family 
Coccaceae which included staphylococci, streptococci and 
gonococci in a subdivision "pathogenic to man", and 21 species of 
micrococci as the saprophytic group. Among the classifications of
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cocci that followed, much have been dominated by attempts to 
distinguish the pathogens from the saprophytes. However, in a 
series of published papers between 1924 and 1928 Hucker concluded 
that staphylococci and micrococci were indistinct and therefore 
they should be placed under the genus Micrococcus. Rahn (1929) 
produced similar argument and this view eventually gained 
acceptance. As a result, it appeared in the Bergey's Manual 
(1948) revised by Hucker, that staphylococci and micrococci 
belonged to only one genus the Micrococcus. Similarly,
Abd-El-Malek and Gibson (1948) showed that the organisms they 
isolated from milk were members of a large group which they called 
the "Staphylococcus-Micrococcus complex" and thus concluded that 
staphylococci and micrococci had been indiscriminately n&med.
Shaw e£ £l. (1951) were also unable to find sufficient evidence 
for separating staphylococci from micrococci, however, concluded 
that the genus Micrococcus was invalid and instead placed all 
micrococci in the genus Staphylococcus. This resulted in further 
confusion in the classification of these organisms.
In the years that followed, there was renewed interest in 
the classification of staphylococci and micrococci that led to the 
accumulation of published papers representing the views for and 
against the separation of the organisms. Van Eseltine (1955), and 
Thatcher and Simon (1957) were against the separation, whereas 
Evans and his colleagues (1955) were for this separation. The latter 
workers indicated that staphylococci could be distinguished from 
micrococci on the basis of their ability to grow and ferment glucose 
anaerobically. This evidence proved acceptable and thus their 
findings were published in the 1957 Bergey's Manual. Based on this 
discovery Baird-Parker (1963) was able to devise a scheme for the 
classification of members of the genera Staphylococcus and 
Micrococcus.
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2.2. The Baird-Parker' Classification
The scheme for the classification of staphylococci and 
micrococci originally proposed by Baird-Parker (1963) among a 
number of schemes previously devised (Evans et al. 1955, Hill 
1959, Mossel 1962, Pike 1962), has proved to be the most useful 
and widely accepted. The main criterion used for differentiating 
staphylococci from micrococci is their ability to produce 
anaerobic growth and glucose fermentation in tube cultures. The 
staphylococci were subdivided into 6 subgroups viz. S(1 to 6). 
and the micrococci into 8 subgroups, M(1 to 8) based on a series 
of simple biochemical tests such as anaerobic glucose fermentation, 
aerobic utilization of glucose, lactose, mannitol, arabinose and 
production of acetoin, phosphatase and coagulase, (Table 1.)
Although the basic separation of the organisms has been 
accepted by the International Subcommittee on Taxonomy of 
Staphylococci and Micrococci (1965) a number of criticisms have 
been raised (Klesius and Schuhardt 1968, Auletta and Kennedy 1966, 
Mortensen and Kocur 1967, and Gibson 1967) for being vague in 
some cases. For example, they found that some Gram-positive, 
catalase-positive cocci which grow slowly in the anaerobic 
condition and ferment glucose would be classified as micrococci 
on the basis of the standard glucose fermentation test proposed 
by the ICSB (1965). Thus a further series of investigations 
attempting to differentiate the two genera were made.and a number 
of tests were proposed. Among these tests, the determination of 
the DNA-base compositions of the organisms produced the best 
clear-cut results (Silvestri and Hill 1965, Auletta and Kennedy 
1966, Mortensen and Kocur 1967). The micrococci were shown to 
possess a high percentage of the DNA-base composition, that is 
their guanine and cytosine (GC) values range from 65 to 75 percent; 
the staphylococci have a low percentage of GC values ranging from 
30 to 36 per cent. Lachica £t £]^ . (1971) proposed the use of the 
lysostaphin susceptibility test for this differentiation, as they
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found that this enzyme attacked and lysed only strains with low 
GC content, that is only the staphylococci; all micrococci strains 
were found to be resistant to lysis. A medium using thioglycollate 
for the detection of anaerobic growth and glucose fermentation 
suggested by Evans and Kloos (1972) appeared to be more useful and 
reliable than the one used by Baird-Parker for the oxidation- 
fermentation test \ o / F  test).
Although these tests are useful in most cases, except for the 
DNA-base determination they are not absolute; and this led 
Baird-Parker (1974b) to suggest that since there is no single 
absolute test available at that moment, the use of a 
combination of tests such as lysostaphin susceptibility and 
anaerobic growth in a medium containing glucose would probably be 
the best practical means of recognizing these organisms.
Following these recent findings, Baird-Parker (1974a) has simplified 
his original scheme to include his previous Micrococcus groups 
1 to 4 under Staphylococcus saprophyticus and distinguished as 4 
biotypes. Staphylococcus epidermis also with 4 biotypes and 
Staphylococcus aureus (Table Z..). Members of the genus Micrococcus 
were recognised by Baird-Parker (1974a) as comprising of 3 species 
viz. Micrococcus luteus (Baird-Parker's subgroup 7), M.varians 
(B.P's subgroups 5 and 6) and M. roseus (B.P's subgroup 8).
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TABLE 2. Baird-Parker (1974a) scheme for members of the 
Micrococcaceae.
GHARAGTERISTIG Staphylococcus Micro-coccus
DNA-based composition
Anaerobic growth and fermentation 
of glucose
Coagulase
Acetoin production
Acid aerobically 
from;
lactose
mannitol
arabinose
Phosphatase
Staph.
aureus
+
30-40
Staph.
epidermidis
4-
Staph,
saprophyticus
Biotype: Biotype:1 2 3 4 1 - 2  3
66-75
+ 4 - 4 - 1 - 4 -  4
4 d — d — 4 d 4
NT NT NT NT - - - 4
4 4 “  -  NT NT NT NT
4 = more than 90% strains positive 
—  = less than 10% strains positive 
d = intermediate results 
NT = not tested
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2.3, Recent taxonomy of the Micrococcaceae
The differentiation of the genera Staphylococcus and 
Micrococcus has been proposed by Schleifer and Kloos (1975) 
to suit the present taxonomy. These include characteristics such 
as the GC content, cell wall teichoic acid, peptidoglycan 
composition, lysostaphin susceptibility, anaerobic growth in 
thioglycollate medium,, colony profile, growth at 45°C and acid 
from glycerol (Table 3» ),
In the study of micrococci on human skin Kloos e_t £l. (1974) 
reported that there are seven species of Micrococcus present on 
the skin. Micrococcus luteus and M.varians fPtmed the predominant 
species, and five others M. roseus, M. lylae, M. sedentarius,
M. kristinae, and M. nishinomyaensis also occurred in considerable 
numbers. In the recent taxonomy two more species have been 
added, that is M. halobius which was isolated from unrefined solar 
salt (Onishi and Kamekura 1972), and M. agilis (Kocur and Schleifer 
1975) which is known to be the only motile species. Since there 
is no one character which will serve as definitive for a particular 
species, it is necessary to summarize their differentiating 
characteristics as shoivn by Kocur and Schleifer,(1975) in Table 4,'
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TABLE 3» Abbreviated scheme for the differentiation of the 
genera Micrococcus and Staphylococcus
(Schleifer and Kloos 1975),
Differentiation test Micrococcus Staphylococcus
GC content (mol %) 66-73 30-38
Cell wall teichoic acid - 4
Peptidoglycan composition 
(2mol of glycerine/mol of lysine) 4
Lysostaphin Resistant^ Susceptible or 
slightly resistant
Anaerobic glucose in thioglycollate medium -, (±)^ +, ±
Colony profile Convex (high) Raised to slight convex
Growth at 45°C -, ± 4, (4,-)
Acid from glycerol — , (+)^ 4
a - Some strains of M. luteus and a few strains of M. roseus 
are slightly lysostaphin susceptible. These strains 
however, can be easily distinguished..from staphylococci 
by their susceptibility to lysozyme and their characteristic 
pigmentation.
b - M. kristinae produces individual colonies in the anaerobic 
zone like certain species of staphylococci.
c - M. kristinae produces acid aerobically from glycerol, and a 
few strains of M. roseus and M. varians produce weak acid.
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TABLE 4. Differentiation of species of the genus Micrococcus 
(Kocur and Schleifer 1975)
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Micrococcus luteus 
M. lylae 
M. varians 
M. roseus 
M. agilis 
M. kristinae
M. nishinomiyaensis 
M. sedentarius
M. halobius^
Yellow
None
Yellow
Pink
Red
Pale
orange
Orange
Cream
white
None
+
+
+
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
d
4
4
4
4
4
4
4 4
4
4
4
4
4
a - 
b - 
c -
ONPG, o-Nitrophenyl-p-D-galactopyranoside.
Reaction: 4, positive; — , negative; d, different.
Requires at least 5 per cent NaCl in the medium. Its 
description is based on characteristics of single strain only (Onishi and Kamekura 1972).
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3. Computer classification and identification of 
microorganisms
3,1. Introduction
The identification of a biological specimen is defined as 
the practice of assigning the specimen to a known taxon. This 
specimen cannot be identified unless there is already a 
classification of like-specimens with which it can be compared.
Hence, classification means a way of grouping specimens, on the 
basis of some relationship between them. Usually the groups 
thus formed are given names, and when a new specimen is examined, 
and it is decided that it belongs to one of the existing group, 
then the specimen has been identified. Therefore, this explanation 
should clarify the meaning of the two terms i.e. classification 
and identification which can cause confusion in their use at times.
The application of computers to identification began in 
the early 1960's, some 10 to 15 years after the beginning of the 
computers themselves (Pankhurst 1978). This new approach started 
with the investigation on experimental methods in computer 
taxonomy by Beers and Lockhart (1962), which led them to suggest 
that a mathematical model could be used for identification. Then 
Payne (1963) in his first attempt at identification with a computer, 
suggested that identification should be done sequentially, with 
the choice of the "next best tests" by the computer. In the same 
year, Gyllenberg (1963) developed a simple mathematical model for 
estimating the differentiating power of a test. His methods were 
developed further by Rypka and his colleagues (1967) who in turn 
described a numerical technique for estimating the differentiating 
power of a test in relation to the other tests considered for the 
construction of the set. Quadling and Colwell (1964) characterized 
unknown cultures by applying numerical clustering methods, whilst 
Gyllenberg (1965) and also Gower and Ross (1965) used methods for 
the identification of unknown cultures in their models for 
constructing taxonomic groups by numerical taxonomy. Dybowski and 
Franklin (1968) attempted a computer identification of Gram-negative
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bacteria in medical specimens. To date, it can be said that most 
of the basic techniques for identification with the aid of a 
computer have now been worked out, and we are now at the stage 
of expanding these computer applications.
Although the techniques for classification and identification 
by the computer are numerous, perhaps more than one would expect 
them to be, there are basically only three possible approaches 
which give rise to all these techniques. These are namely:
Numerical taxonomy, multivariate analysis and probabilistic methods 
which were known to consist at least three different methods viz. 
the Bayesian method, likelihood method and discriminant analysis. 
Since these approaches and the various techniques involved can be 
■found in several textbooks (Sneath and Sokal 1962, Sokal and Sneath 
1963, Baillie and Gilbert 1970, Cole 1969, Clifford and Stephenson 
1975, Pankhurst 1975 and 1978), the present author will not attempt 
discussion except where necessary and relevant to the project.
3.2. Numerical taxonomy
Sokal and Sneath (1963) defined the term "numerical taxonomy" 
as the numerical evaluation of the affinity or similarity between 
taxonomic units and the ordering of these units into taxa on the 
basis of their affinities. Numerical taxonomy is based on the ' 
"Adansonian" approach to taxonomy that has been modified from 
Sneath (1958) by Sokal and Sneath (1963). These ideas (Adansonian) 
are described by the following axioms: (1) The ideal taxonomy is 
that in which the taxa have the greatest content of information 
and which is based on as many characters as possible; (2) A priori, 
every character is of equal weight in creating natural taxa;
(3) Overall similarity (or affinity) between any two entities is a 
function of the similarity of the many characters in which they 
are being compared; (4) Distinct taxa can be constructed because 
of diverse character correlations in the groups under study;
(5) Taxonomy as conceived by ùs is therefore a strictly empirical 
science; and (6) Affinity is estimated independently of phylogenetic 
considerations.
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For an ideal taxonomy Sokal and Sneath (1963) suggested 
that many characters are needed; at least sixty seem desirable, 
and less than forty should never be used. These characters should 
be of all kinds except those which are not an accurate expression 
of the properties of the organisms and those derived from a bias 
choice. On an a priori basis every character is given equal 
weighting such that all features are considered equally important.
The various methods used for assessing taxonomic similarities 
by the computer can be conveniently grouped into tliree types of 
coefficients —  those of association, of correlation, and of 
distance. They are referred to collectively as coefficients of 
similarity. These coefficients are then tabulated in matrix form 
with one coefficient for every pair of taxonomic entities. 
Classification in numerical taxonomy is derived from a matrix of 
similarities, and it consists of various techniques designed to 
disclose and summarize the structure of the matrix.
There are three techniques for describing taxonomic 
structure in similarity matrices viz. differential shading of a 
similarity matrix, various types of cluster analysis, and factor 
analysis. Since some parts of the author's work mainly deal with 
cluster analysis it will therefore be appropriate to include 
here a general account of some of the types most commonly used 
by other workers. Among the Cluster Analysis the strategies used 
are the Nearest Neighbour, Furthest Neighbour, Centroid, Median, 
Group Average, Incremental sum of squares. Minimal Variance and 
Flexible Sorting.
Nearest Neighbour; This is the oldest of the conventional 
method and one of the two "single-linkage" noncombinational methods 
(Clifford and Stephenson 1975). In Nearest Neighbour if a third 
site is nearer to either of the first two fused (the most similar 
pair of entities) than to a fourth, it fuses with the first two. 
Although this method should be considered absolete it has received 
unexpected support on mathematical grounds from Jardine and Sibson
(1968).
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Furthest Neighbour; The method was suggested by MacNaughton- 
Smith (1965) and as its name suggests, it works oppositely to 
Nearest Neighbour. Fusions are based on the minimal distance 
between an entity and the most remote one in a group or between 
the most remote entities in two groups. According to Clifford 
and Stephenson (1975) this method appears to be of limited 
applications due to the intense clustering it produces in 
dendrograms. However, Pritchard and Anderson (1971) found 
Furthest Neighbour to be more useful than others in their 
ecological studies of Scottish vegetation.
Centroid; This method involves fusion of an entity into 
a group or fusion of group pairs depending on the coordinate 
of the centroids in multidimensional space. The fusion of 
groups occurs on minimal distance between these centroids.
Lance and Williams (1967) noted that in several cases, after a 
dendrogram fusion, using centroid sorting, the level of fusion 
that follows appears at a lower level than the original. Because 
dendrograms are often interpreted divisively it seems that after 
a group divides into two, they become more dissimilar than the 
group generating them. Therefore, centroid sorting has been 
largely avoided because of the seeming lack of logic caused by 
reversals.
Median; This method was first proposed by Gower (1966),
In centroid sorting after fusion with a larger group the smaller 
one loses its identity and the new centroid may appear within the 
confines of the larger group. However, in median sorting the 
smaller group is regarded as of unit size and obtains an 
unweighted median position after fusion. Although this can 
result in the prevention of larger group from dominating the 
classifications, production of inversion as in centroid sorting 
is expected. Hence, only few reports on its use are available, 
e.g. the method has been used by Clayton (1972) for the study 
of grasses, and Sands (1972) for the study of termites.
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Group Average; Lance and Williams (1966) suggested this 
method which can be illustrated through entity/cluster situation 
as well as cluster/cluster situations. Here the mean of the 
distances of the entity to each constituent of the cluster 
is derived. Fusion takes place with the cluster producing 
the shortest mean distance. Group Average yields only 
moderately sharp clustering, though it is monotonie, therefore 
with less chance of producing misclassification, and with little 
group size dependence. This technique is generally a satisfactory 
one and has been, used widely.
Incremental sum of squares; The first to propose this 
method was Ward (1963) who called it "error sum of squares" 
method. Burr (1968, 1970) finally named it "incremental sum 
of squares" method. Euclidean distance is a dissimilarity 
measure based on a representation of taxa as points in a multi­
dimensional space. Since this distance D is always estimated
2via Pythagoras's theorem, D i.e. squares of Euclidean distances
is necessarily calculated and often used as a dissimilarity
measure such as found in this method. The pair of elements 
2with a minimum D are united and fusion of entities follows
2resulting in the smallest increase in the sum of D within a
cluster. Since the total sum of squares is constant, a minimal
2increase in the sum of D within a cluster will be followed by
2a maximal increase.of D between clusters. This method is 
capable of using mixed data and continuous variables, and 
therefore it is particularly useful ecologically.
Minimal Variance; This method uses a minimal increase in 
variance rather than the sum of squares within a cluster as above. 
The properties of this clustering cycle are not well known though 
it has been used e.g. in the study of orchids (Lavarack 1972) 
and earthworms (Wallace 1972).
37
Flexible; This was proposed by Lance and Williams (1966) 
who believe that several of the clustering techniques mentioned 
above can be generalised to form a single system with the result 
that separate programmes had to be written for each one of them.
This method is based on a general equation with parameters that 
determine the nature of the clustering technique such as Nearest 
Neighbour, Furthest Neighbour, Median, Group Average, or Centroid. 
Flexible sorting has. been used successfully in ecology (Stephenson 
et al. 1970, 1972, 1974, Williams et al. 1973)
3.3. Multivariate analysis
This approach of the computer classification and identification 
deals with the examination of data in space of several dimensions. 
There has been considerable loss of information from a given set 
of data in various methods of classification whose results are 
presented in the forms of one or more two-dimensional graphs 
(e.g. dendrograms and minimum spanning trees). By employing 
multivariate analysis the data can be displayed in various possible 
dimensions such that much of this loss would be avoided. Clifford 
and Stephenson (1975) described four distinct approaches by which 
multivariate analysis can be applied. They are the Principal 
components analysis. Principal coordinates analysis. Canonical 
variate analysis and Canonical correlation analysis. An account 
of the Principal components analysis is included in this context.
Principal components analysis; This technique investigates 
the relationships between a multidimensional order of variables, 
some of which may be correlated and therefore are at least 
partially redundant. The principal components analysis selects 
a set of orthogonal (axes) within the multidimensional space 
such that the projections of the variables onto the axes will 
"best" display their relationships. The concept of "best" 
usually means in such a way that the variables are more widely
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separated one from another with respect to the new rather than 
the original axes. The line along which the projections have 
a maximum spread is known as the first principal component, 
eigen vector, or latent vector. The axis is right angles to this 
is the second principal component.
The concept of spread of coordinates along the principal 
components may be made quantitative by calculating the variances 
of the coordinates in terms of each principal component. These 
variances are known as eigen values or latent roots. The 
principal components can thus be distinguished by the proportion 
of the total variance associated with each, and generally with 
the restriction that the first principal component must pass 
through the origin. The coordinates or principal component 
scores for each entity in the form of principal components as 
axes can be calculated from the original data. This involves 
three steps; (1) the original data are standardised to zero mean 
and unit variance; (2) the determination of the directions 
of the principal component; and (3) calculation of the scores 
from the original coordinates by referring the entities to the 
principal components. This is equivalent to rotating the axes 
in analytical geometry.
The principal components analysis therefore enables the 
relationships between a set of entities to be expressed in a space 
of fewer dimensions than that in which the entities are 
originally plotted. It has been applied to the study of 
intra-specific variation e.g. in the classification of chromobacteria 
(Moss et al. 1978).
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3.4. Probabilistic methods
These are identification methods involving a measure of 
the identification probability, as in (1) the Bayesian method 
(a method based on Bayes* theorem), (2) likelihood method 
(e.g. maximum likelihood), and (3) discriminant analysis.
3.4.If Bayesian method
This is a method for calculating the probability that a 
given unknown belongs to a specified taxon, given (1) some 
characteristics of the unknown, (2) the probability that a 
randomly chosen member of the specified taxon would show these 
characteristics of the unknora, and (3) the probability that 
a randomly chosen unknown would belong to that taxon (Morse 
^  1975). This method is based on Bayes* theorem which
has been widely used in medical diagnosis (Ledley and Lusted 
(1959). Bayes * theorem states
P(t-i|R) = P(ti)P(R|L;) , (1)
21P(ti)P(R.lti)
where P(tilR) is the probability that an organism giving a set 
of test results R is a member of taxon P(t.i) is the
probability that an organism is a member of taxon t’i before 
considering any test results, the prior probability of the 
taxon; and P(R|b^) is the probability that a member of taxon t^ 
will give test results R. The prior probabilities are the 
expected frequencies of incidence of the taxa among the strains 
submitted for identification. They were set equal for all taxa at 
the start because there was little indication of how the taxa 
would be represented in the strains sent for this identification 
(adopted from Willcox and Lapage 1975), Thus equation (1) 
becomes
PdijR) = P(Rlti-) ,
SP(Rlti) (2)
4-0
By assuming that the individual test results are 
independent in each taxon, the probability of a number of 
independent results can be expressed as the product of their 
individual probabilities as follows
P(R|ti) = P(rj^ | ti)P(r^|t.i)P(r^| ti) ... P(r^|ti) , (3)
where r^ ... r^ are the individual test results and P(r^jti) ... 
P(r^| t.^ ) are their probabilities. Equations (2) and (3) are 
calculated to determine the probabilities of all the taxa, 
P(bi|R), which are referred to as "identification scores" on 
the computer output. If the score of one of the taxa exceeds
0.999 an identification to this taxon is suggested.
3.4.2. Maximum likelihood
The method is closely related to the Bayesian method above 
however, it gives all taxa the same probability of occurrence,
1.e. P(ti) = constant, or equal weight to all taxa so that the 
formula becomes equation (2) exactly. The only difference is 
that this method does not require a priori knowledge of the 
expected encounter frequencies for the various taxa or the 
probabilities of unknowns belonging to specified taxa (situation 
(3) of the Bayesian method mentioned above.
3.4.3. Discriminant analysis
This in in fact a method for distinguishing between two 
or more populations. However, it can also be used for 
distinguishing one specimen from many taxa since the unkno^m 
specimen can be regarded as an approximation to a population.
The basic idea of discriminant analysis is to find a boundary 
between two populations which is such that on the boundary a 
specimen is likely to belong to either population. A detailed 
explanation of the theory was given by Sneath and Sokal (1973).
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3 .5 • BIOTYPE programme
In addition to the above techniques, an attempt using a new 
programme entitled the 'BIOTYPE’ for the identification and 
classification of the micro-organisms, was carried out in this study.
This computer programme is still in the process of development and at 
present undergoing investigation by Dr. T. Bryant, Microbiology 
Department, University of Surrey. It is a matrix reduction programme 
by which a number of strains of isolates is reduced to a smaller 
number of biotypes. A biotype here may be defined as a collection of 
strains from the same species or as two closely related species which 
for the purpose of identification have been grouped'together. The method 
of analysis by. this programme which has been used in this study is called 
the 'Least Taxa Method' which involves a number of stages as follows:
1 . Printing raw data matrix of strains
and their test results.
2. Identification of identical strains 
and accordingly reducing the matrix.
3 . Finding the lowest level of dissimilarity 
between any two strains or biotypes and determining if each taxon can 
be distinguished from every other by a specific number of tests.
4. Reducing the matrix by merging those pairs 
of strains or biotypes exhibiting the lowest level of dissimilarity till 
all taxa are separated completely. In the process all the reduced 
matrices are printed.
5. Calculating the identification score for 
each taxon in the reduced matrix, a separation value for each test 
and a set of best selected tests i.e. the smallest number of tests 
which collectively distinguish each taxon from every other taxon in 
the matrix.
kz
6. Printing the reduced number of taxa 
together with the best test matrix.
From the print-out of the reduced matrices, it 
will be possible to select one which produces the most comprehensible 
and satisfactory taxonomic separation of the biotypes. This matrix 
is then used in the identification and classification of strains of 
the isolates.
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4. Aims and general plan of the present study
It has been generally accepted that most cases of 
hospital infections acquired through the airborne route are 
mainly as a result of dispersal of the infective organisms from 
the skin surfaces. Many of these cases reveal Staphylococcus 
aureus as the causative agent such that much of the interest on 
the dispersal of microorganisms from the skin has been centred 
on this particular species. This approach is quite unrealistic 
in a way because of the fact that Staph, aureus is not even 
considered a true resident of the skin under normal condition, 
to be readily dispersed like many other skin flora. The species 
is mainly restricted as common resident of the nose, axillae, 
perineum and toewebs (Noble and Somerville 1974). Only when 
a person is suffering from a certain type of skin disease 
(e.g. eczema, psoriasis or rosacea) or somehow becomes a 
heavy carrier (usually detected by a high carrier rate of the 
organism on the specified residential sites) will it be 
distributed all over the body surfaces and thus becomes dispersed 
from these 'contaminated* areas. Therefore, in a study on 
the dispersal of microorganisms from the skin of normal 
individuals, a more direct and realistic approach might be to 
use at least one of the true residential flora of the skin as 
the indicator or marker organism.
Originally, therefore, the main aim of this study was to 
investigate the dispersal pattern of microorganisms from the 
skin surfaces of human individuals. The marker organisms 
particularly selected for the study were the Micrococcus 
species. Although there has been no settled, agreement in 
defining the-micrococci as a true residential flora of the 
skin, that assumption is well supported. These species are 
numerically predominant on the skin and can be frequently 
isolated from all over the body surfaces, on one site or the 
other, and at almost all the time (Noble 1969, Kloos et al.
1974). Moreover, it is surprising that organisms as frequently
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found on the skin as the micrococci have so far received very 
little attention despite the vast number of studies carried 
out on cutaneous microorganisms. Hence, it was considered 
of great interest to devote a particular attention to these • 
organisms in this study.
The general plan of the study included the following:
1, Isolation of the microorganisms; 2. Classification and 
identification; and 3. A survey of 100 individuals.
4.1. Isolation of the microorganisms
This involved selecting suitable techniques for sampling 
the organisms from the skin surfaces of human volunteers and 
from the air of a controlled environmental chamber, in the 
earlier stage, in which it was proposed to conduct dispersal • 
studies; planning experimental routine for the volunteers 
as well as the sampling time; standardization of the selected 
techniques, culturing and storage methods. All these presented 
no major problem in this study and are included here as 
preliminary studies.
4.2. Classification and identification
The major problem in this project was found to lie in the 
classification and identification of the organisms. It is 
interesting to note that although there have been many 
attempts on the classification and identification of the 
Micrococcaceae (the Gram-positive?catalase-positive cocci which 
include the two major genera Staphylococcus and Micrococcus), 
up to the early 1970*s (Shaw et a]^ . 1951, Evans ^  1955,
Hill 1959, Mossel 1962, Pike 1962, and Boswell et al, 1972), 
none seemed to be useful except the Baird-Parker's (1963) 
scheme. Most investigators who were dealing mainly with the
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epidemiology ox ecology of these groups of organisms during 
this time resorted to the scheme by Baird-Parker (1963) 
probably because it had been widely accepted despite much 
criticism from various other sources (Aulet-ta, and Kennedy 1966,
I .:Kocur‘.:apd Mortensen 'i9‘67, Pennock and Huddy 1 9 6 7 ) These 
authors criticised the validity of the scheme mainly because 
it employed oxidative-fermentative test (O/F test) as the 
basis for differentiating the staphylococci and micrococci.
All strains of Staphylococcus and none of the Micrococcus 
have been defined as positive for the test. However, 
according to these authors, the test often produced a vague 
result which could obviously lead to misclassification of the 
organisms. Apparently, to overcome some of the anomalies found 
in his original scheme, Baird-Parker (1974a)eventually altered 
it to the one shown in Table 2. by using DNA-base compositions 
(or G + C values) of the organisms as the basis for their 
differentiation.
For this study, which involved a large collection 
of isolates, determination of DNA-base compositions was 
considered far too tedious and time consuming to be carried 
out. The choice for classification and identification of the 
microorganisms then appeared to be strictly limited to the 
original Baird-Parker classification (1963). However, during 
the study new and different schemes for the classification of 
Micrococcaceae became available (Table 3«-)> introduced by 
Schleifer and Kloos (1975); and for the differentiation of 
Micrococcus species (Table 4. ) by Kocur and Schleifer (1975).
In addition, one can now refer to the work of Kloos £t al.
(1974) for the differentiation of various species of Micrococcus, 
It thus becomes apparent that the problem then lay in deciding 
which scheme could best be applied to the present work. The 
only means to achieve this was to test the accuracy and 
applicability of all the available schemes.
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The following attempts were made to establish the 
appropriate scheme. It should be pointed out that in these 
attempts the application of some of the computer techniques 
was intended as a means of testing these schemes and also 
partly as a preliminary approach to computer taxonomy of the 
organisms.
4.2.1. The first attempt
This involved a total of 245 isolates of Micrococcaceae 
(Gram-positive, catalase-positive cocci) from various sources 
namely from the swab samples of different skin sites of 3 
male and 3 female volunteers, slit-sampler and air-exposure 
plate samples of the air in a controlled environmental-chamber 
in which 2 separate trial runs of the experiment on dispersal 
was conducted (i.e. in the earlier stage of this study) using 
2 male subjects (one for each trial run). The isolates were 
first tested with a battery of 60 different biochemical tests 
and the results were subjected to analysis by the computer.
A cluster analysis programme (CLUSTAN lA; Wishart 1969) was 
used to produce various computer classifications.
4.2.2, The second attempt
In this attempt only 50 of the 245 strains above were 
used viz. 5 isolates each from the swab sample of the six 
volunteers, and from each air sample of the two male 
subjects (i.e. 10 strains each). In addition, 10 more isolates 
of Micrococcaceae i.e. 5 isolates each from swab samples of 
a further male and female volunteers, were included making a 
total of 60 strains altogether. These strains were tested with 
a set of 43 different biochemical tests from the list of 
characters used by Baird-Parker (1963). The results were then 
compared (matched) with those of Baird-Parker's (1965) for the 
identification of the strains by the computer-identification 
programme (IDPR) of Bryant (personal communication).
4?
4.2.3. The third attempt
The 60 isolates from the second attempt were separated 
into the two genera Staphylococcus and Micrococcus mainly on the 
basis of a single biochemical character i.e. lysostaphin 
susceptibility by the method proposed by Lachica e^ (1971).
The biochemical test results of the two groups of organisms 
(i.e. already established in the second attempt) were 
separately subjected to computer analysis. The '-BIOTYPE' 
programme of Bryant (unpublished) was used for this 
classification.
It is important to note that at this stage i.e. after 
the completion of the above attempts, it became evident that 
the tested schemes were considered of limited application 
and could not be successfully employed for this study. A 
further attempt was made involving measures to test other 
scheme for the classification and identification of the 
organisms, in particular the micrococci, using a much larger 
collection of isolates than before. This attempt involved 
a survey, described below.
4.3. A survey of 100 individuals
The main purpose of the survey was to accumulate a large 
and representative collection of isolates comprising Gram-positive, 
catalase-positive cocci (the Micrococcaceae) from the human 
skin. These isolates would then, be used in the scheme to be 
tested. The survey involved isolation and a crude differential’ 
enumeration of the organisms from swab samples of the face and 
abdomen of 50 male and 50 female volunteers.
Consequently, in the attempt on the classification and 
identification of these isolates, the micrococci were first 
separated from the staphylococci by four different biochemical
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tests. Both groups were then tested with a similar selected 
set of biochemical tests although only the test results 
for the micrococci were subjected to computer analyses.
The micrococcus isolates were first reduced by the 'BIOTYPE' 
programme (Bryant, unpublished) to a number of biotypes 
(defined here as groups of strains from similar species or 
as closely related species which for the purpose of 
identification have been grouped together) manageable for 
analysis by the CLUSTAN lA programme (Wishart 1969).
This attempt was successful. It seemed highly certain 
that the present scheme could be very useful for differentiating 
the Micrococcus species and could best be applied to the 
present study. As a matter of fact, the practicability 
of the scheme was much emphasized by its possible and direct 
application in this survey to determine the carriage rate 
of the different species of Micrococcus and consequently, 
to detect the distributive pattern of these species on the 
specified skin sites as well as among the group of.individuals 
examined,
At this stage it became clear that the remaining amount 
of time would be insufficient for continuation of the 
investigation on the dispersal of micrococci from human 
skin surfaces, originally the main aim of this study, and 
this aspect was therefore abandoned.
M A T E R I A L S
A N D
M E T H O D S
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MATERIALS AND METHODS
1. Preliminary studies
The purpose of these studies was principally to establish 
techniques and procedures which could best he applied to the 
proposed study which, as mentioned in Section 4. » an 
investigation on the dispersal of microorganisms from the human 
skin surfaces, Although this intended study eventually had to 
be abandoned much of the results obtained from these preliminary 
studies were also found to be applicable to the pfesent work, 
in particular, some of the organisms isolated from sources such 
as the human skin surfaces and the air of a controlled environmental 
chamber (in which it was proposed to conduct dispersal studies) had 
been used in the attempts on their classification and identification. 
Therefore, it was considered necessary to include a full account 
of these preliminary studies which involved the use of an 
environmental chamber, and mainly resulted in the isolation of 
microorganisms of human skin sources; selection and standardization 
of various sampling techniques, culturing and storage methods; 
and planning of the experimental routine for the dispersal studies 
which included specification of the sampling time.
1.1. Specification of the chamber
The controlled environmental chamber (proposed for conducting 
dispersal studies) was 3 x 4 x 3  metres, equipped with an air­
flow inlet in the middle of the roof for allowing filtered air to 
enter the chamber, an extractor fan on one of the walls set for 
drawing out the air in the chamber at the rate of 0.03 cu. m/sec, 
a cycling apparatus placed in the middle of the chamber and a 
split-sampler on the outside with its opening end of a 1.5 m long 
tube in the chamber held at waist-height approximately 0,3 m away 
from the cycling apparatus by a piece of string attached to the 
chamber roof. In addition, shelves for holding exposure plates 
were made from square plastic plates suspended from the roof of the
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chamber at four corners of the cycling device (each set was 
at a distance of about 1 m from it). These shelves were set to 
hold the exposure plates at three different levels i.e. high 
overhead level about 0,3 m below the roof, medium level at about 
waist-height and lower level approximately 5 om above the floor.
Sterilization of the chamber was by fumigation i.e. by 
spraying the interior with chlorhexidine and allowing it to 
stand for 16 hours. The air was then drawn out of the chamber 
by running the extractor fan for 20 minutes.
1.2. Sampling techniques
There were two types of samplings carried out, the sampling 
of the skin of human volunteers and the air of the environmental 
chamber. The swabbing technique was used for sampling the human 
skin; air exposure plates and slit-sampler techniques were used 
for sampling the air.
1.2.1 Swabbing technique and specification of sampling sites
The swabbing method involved the use of swabs composed of 
calcium alginate wool and 10 ml volumes of Ringer's solution 
(which could act as a solvent for dissolving the calcium alginate 
swabs) in universels. The standardized procedure included the 
following: first the subject wetted a sterile swab by dipping it 
in the sterile Ringer's solution, rubbed it firmly over the 
specified skin area 10 times in the manner designated in 
accordance with the sampling site as described below. The swab 
was- then transferred into the 10 ml Ringer's solution 
in the universal and the culture was labelled with the subject's 
name, the sampled site and stage or time of sampling (whenever 
applicable).
There were nine skin areas selected for sampling namely the 
face (which included the forehead, cheeks, external region of the 
nose, and regions above and below the lips), chest (regions
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immediately covering the thorax and including upper parts of the 
breasts), abdomen (regions immediately below the thorax and 
extended to slightly above the thighs, including periumbilicus and 
areas surrounding it), perineum (the area between the scrotum 
and the anus), groin (strips of regions at the junction of the 
abdomen and the thighs), left leg (the region covering the whole 
of the left shin), left arm (the dorsal region of the left forearm), 
left axilla (the area covering the arm-pit) and back (the upper 
back region extending over the scapulae to the middle part of the 
trunk),
For the face, each swab was rubbed firmly following a circular 
motion 10 times covering as much as possible the areas specified 
above. For sites whose surfaces were rather exposed and quite 
flat such as the chest, abdomen, arm, leg, axilla and back, each 
swab was stroked firmly vertically (in to and fro manner) shifting 
horizontally after each stroke until the specified areas were 
covered entirely and a count of 10 downward strokes were reached. 
Finally,for the groin and perineum, each swab was rubbed firmly in 
a zig-zag manner and at the same time shifting it forward after 
each stroke to cover the whole strip of the sampling area; each 
stroke to the left or right over these regions was counted as one 
and this was carried out until 10 strokes were achieved,
1.2.2. Air exposure plate technique
The technique involved exposing fresh sterile plate of 
Trypticase Soya Agar (TSA, Oxoid) medium for a specified period 
after which it was covered again and labelled with the subject's 
name, the level at which it was exposed and the stage or time 
exposed. The sampling of air by the exposure plate technique was 
performed by the subject in the chamber. The plates were first 
placed on the shelves at three different levels (high overhead level, 
medium i.e. waist-height and' lower or floor level) on four comers 
surrounding the cycling device. There were altogether a set of 
12 plates of TSA exposed simultaneously at every sampling period. 
Each time the subject had to take off the lids of all these plates 
and leave the medium exposed for a period of 15 minutes before 
covering and. replacing them with a new set of fresh plates for the 
next sampling.
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1.2.3. Slit-sampler technique
This technique included sampling by drawing the air at the 
rate of 1 cu. ft.per min.through a slit 4.5 x 0.2 cm on a metal 
plate onto a plate of TSA medium revolving in the sampler at the 
rate of 1 revolution/min for a period of 1 minute. The sampling 
was done from outside the chamber at various stages of the 
experiment,which had been specified in the experimental routine. 
After each sampling procedure the slit-sampler was switched off 
and the plate culture was labelled with the subject's name, and 
the time or stage at which sampling was done.
1'3. Culturing and storage methods
All liquid cultures comprising samples of various skin sites
in Ringer's solution contained in universals were shaken for 5 
minutes using tlie arm-shaker device. This was mainly to dissolve 
the calcium alginate wool swab in the solution thus freeing the 
microorganisms sampled and also to homogenise the culture samples.
0 .5 ml and 0.1 ml volumes of each culture were pipetted onto two 
separate plates of TSA, spread over the surface of the medium by 
the spread-plate technique and incubated at 37°G for 48 hours.
All plate cultures obtained by air exposure plate and slit-
sampler techniques were immediately incubated at 37^G for 48 hours.
 ^ After the incubation period all cultures were maintained at 
4 G while awaiting further investigation.
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1.4. Subjects specification
Eight volunteer subjects were involved in the preliminary studies. 
They comprised 4 males and 4 females between 25 to 35 years ; 6 of them 
(2 males and 4 females) were technical staff of the Microbiology 
Department of Surrey University. These latter volunteers each provided 
swab samples only of the nine specified skin sites (face, chest, abdomen, 
perineum, groin, leg, arm, axilla, and back) while undressed in the 
chamber. The remaining 2 male subjects completed all the stages of the 
experimental routine (described below) in the chamber, so that the 
necessary samples (skin swab samples and air samples) for dispersal 
studies were derived from each of them separately.
1 .5 . The experimental routine and air sampling time
Stage 1 : Sampling of the air in the chamber using the
slit-sampler only (to check sterility of the 
air before experiment).
Stage 2 : Subject entered the chamber, arranged a set of
twelve TSA plates at high, medium and low levels 
(see Section 1.1.) and exposed them. The 
subject then sat quietly for I5 minutes before 
covering all the exposed plates and replacing 
them with a fresh unexposed set. During the 
period of inactivity, the slit-sampler was 
switched on for 1 minute.
Stage 3 : Subject undressed, exposed the new set of TSA
\ plates and started swabbing the nine specified
skin areas. Upon completion the subject covered 
all plates and replaced them with another fresh 
set. Slit-sampler was switched on for 1 
minute at the end of the swabbing session.
Stage 4 : Subject exposed fresh plates, then cycled on
the cycling apparatus for 10 minutes at a 
constant speed of 30 Kp, and a set load of
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1.5 lb. Upon completion, the subject swabbed 
similar skin areas as in the previous stage 
followed by covering of the exposed plates and 
replacing them with a new set. Slit-sampler 
was switched on for 1 minute during cycling.
Stage 5* Subject put on clothes, exposed the fresh plates
and left the chamber. Sample of air by the 
slit-sampler was taken almost at the end of 
15 minutes exposure period after which all 
exposed plates were covered.
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2. Classification and Identification
2.1. Culture conditions
Trypticase Soya Agar (Oxoid) was used as the isolation and 
maintenance medium for all isolates. Unless otherwise noted, all cultures 
were maintained at 4°0 and incubated at 37^G; inocula for tests were 
prepared from 24 to 48 hour old cultures on either TSA plates or in 
nutrient broth (whenever applicable).
2.2, Tests used in characterization of isolates
There were two sets of tests used for the classification and 
identification of the organisms: the first comprised 4 different bio­
chemical tests for separating micrococci from staphylococci; the second, 
a much larger number of test characters (63) including both physiological 
and biochemical, mainly for the differentiation of micrococci. It is 
important to note however that both sets of tests have never been employed 
entirely together and most of the tests used in each attempt on the 
differentiation of the organisms were a mere combination of selected 
tests derived from them. The two sets of tests were:
I - For separating micrococci from staphylococci
1. Anaerobic acid production from glucose (Oxidation- 
fermentation test),
2 . Anaerobic growth in thioglycollate medium.
3 . Lysostaphin sensitivity.
4. Coagulase production.
Anaerobic acid production from glucose: The test was based on the
modified technique introduced by Baird-Parker (I963) using the Standard 
Medium proposed by the ICSB Subcommittee on the Taxonomy of Staphylococci 
and Micrococci (I965). Duplicate tubes of the medium were stab 
inoculated with a heavy colony growing on the culture plate. One tube 
was then sealed with sterile vaseline instead of liquid paraffin as 
proposed by Andrews (I976). The inoculated tubes were incubated at 37°G 
and observed daily for 5 days. A change in the colour of the medium
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from purple to yellow throughout both tubes was indicative of 
fermentation of glucose.
Anaerobic growth in thioglycollate medium; The detection of growth 
was by the method of Evans and Kloos (I972) using Brewer's fluid 
thioglycollate medium (Difco) modified by the addition of 0,3 per cent agar. 
An approximate 8 ml volume of the medium in a I6 mm diameter tube was 
inoculated with one loopful of a 24 hour culture in nutrient broth.
The inoculum was thoroughly mixed with the loop and the medium was 
allowed to solidify at room temperature before the incubation at 37°G 
for 3 days. Anaerobic growth was detected from the bottom of the tube 
to the portion slightly below the green zone of oxidation (i.e. 
approximately 1 cm below the surface of the medium).
%Lysostaphin sensitivity; The effect of lysostaphin on the 
isolates was tested using the method proposed by Lachica et al. (l97l)*
A uniform suspension of an overnight plate culture was dispensed.in 
0,1 ml volume each, into two test tubes. To one tube of the suspension 
was added an equal volume of phosphate-saline buffer and was thoroughly 
mixed (control). 0.1 ml of lysostaphin was mixed with the suspension 
in the other tube giving a final concentration of the enzyme of 25^ g  
per ml. Both tubes were incubated at 3?°G in a water bath and examined 
after 2 hours. Lysis was denoted by a clear suspension in the tube 
containing the enzyme.
Coagulase test; The coagulase activity was tested by the method 
of Gillespie (1943). 0.1 ml of an overnight broth culture was added
to 0.5 ml of 1/10 dilution of rabbit plasma in saline. The tube was 
incubated at 3?°G and examined for coagulum after 1, 3 , azid 6 hour 
intervals. Negative results were left at room temperature overnight and 
re-examined.
*
Lyophilized Lysostaphin is available from Becton and Dickinson, UK Ltd,
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II. For the differentiation of micrococci.
Although some of the tests listed below have also been used for 
differentiating staphylococci and micrococci, most of them were mainly 
for differentiating the micrococci. These tests were:
Colony morphology;
Smooth, convex, regular edge 
Granular, regular edge 
Nodular, irregular edge
Pigmentation :
Yellow
Cream-white
Grayish-white
Pink
Orange
None (no pigment)
Motility
Saline agglutination
Production of:
Acid from glucose (Methyl Red) 
Acetoin (Voges-Proskauer) 
Hydrogen sulphide 
Oxidase "
Phosphatase
Utilization of;
Citrate 
Malonatê 
Gluconate oxidation
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Aerobic acid production from: (i()
Arabinose
Gellobiose
Dulcitol
Galactose
Glucose
Glycerol
Inositol
Lactose
Maltose
Mannitol
Raffinose
Rhamnose
Salicin
Sorbitol
Sucrose
Trehalose
Xylose
Hydrolysis of:
Aesculin 
Casein 
Gelatin 
Hippurate ^ 
Starch 
Urea 
Butter 
Lard
Margarine 
Olive oil . 
Tributyrin 
Tween 20
(-)
( *  * )
Tween 40 
Tween 60 
Tween 80 J
>(*)
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Egg yolk clearing (*)
Arginine dihydrolase (* *)
Nitrate; No reduction
Reduction to nitrite 
Reduction beyond nitrite - 
Growth at:
•(*)
10°G 
^5° G
Growth on:
5 per cent NaCl
7 .5  per cent NaGl 
15 per cent NaGl 
Bile salts (10 per cent) 
Bile salts (40 per cent) 
Sodium azide
}(* *)
NOTE: (*) Based on the methods used by Baird-Parker (1963).
.(* *) Based on the methods described in the "Manual for the
Identification of Medical Bacteria", by Cowan and Steel 
(1970).
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Colony morphology; Tills was observed from a 24 to 48 hour sub­
culture which had originally been streaked onto TSA plate and incubated 
at 37°C.
Pigmentation: A culture streak of each isolate on TSA was examined
for pigment production after a 2 day incubation at 37°G and 3 days at 
room temperature under diffused lighting.
Motility: A 24 hour nutrient broth culture of each isolate
ted at 3?°G was examii 
under the light microscope.
incuba m ned for motility by the hanging drop method
Saline agglutination: This was done by examining for the clumping
of a suspension of the organism in a drop of physiological saline (O.85 
per cent NaCl solution) on a glass slide. The suspension was made from 
a 24 hour plate culture,
MR (methyl red) and VP (Voges-Proskauer) tests: To a 2 day old
culture in MR-VP broth (Oxoid) was first added 2 drops of methyl red 
solution, the mixture was shaken and examined for a change in the colour of the
indicator: Red colour = positive reaction, and yellow = negative, 
Voges-Proskauer test was carried out by Barritt's (I936) method either 
on a similar broth culture, that is, after completion of the methyl red 
test or, when necessary, on a separate culture (on which the methyl red 
test was not done). A strong red colour 15 minutes and 1 hour after the 
addition of the reagents (0.6 ml a-naphthol solution and 0.2 ml 40 per 
cent aqueous solution) was indicative of acetoin production.
Hydrogen sulphide production; This was by the method of nClarke’s 
(1953)* A lead acetate paper was inserted between the cap and the tube 
containing nutrient broth culture incubated at 37°0. Blackening of the 
paper which denoted hydrogen sulphide production was examined daily for 
7 days.
Oxidase production; Oxidase activity of the isolates was tested 
by Kovach's (I956) method. Two to three drops of oxidase reagent (l per
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cent tetramethyl-p-phenylenediamine aqueous solution) were placed on a 
piece of filter paper in a petri-dish. Material from plate-culture 
was smeared onto the impregnated paper with a platinum loop. A positive 
reaction was denoted by the appearance of a dark purple colour on the 
paper after 10 seconds.
Phosphatase.production ; Ability to produce phosphatase was tested on 
the culture growing in phenolph.thalein phosphate agar medium, incubated 
at 30°G for 3-5 days as recommended by Baird-Parker (I963). 0.1 ml
ammonia solution (sp. gr. O.88O) was placed on the Petri-dish lid on 
which the medium was later inverted. Phosphatase-producing colonies 
turned deep pink immediately on exposure to ammonia vapour.
Citrate utilization: Simmons' citrate (Simmons 1926) a modified 
Koser's citrate incorporating 0,008 per cent bromthymol blue (40 ml 
0,2 per cent solution per litre), and gelled by the addition of 2 per 
cent agar, was used. A single streak of an overnight broth culture 
was made over the surface of a Simmon's citrate slope with a straight 
wire. The culture was examined daily up to 7 days for growth and colour 
change. After the appearance of blue colour and streak of growth on 
Simmon's citrate. Utilization of citrate was confirmed by subculture 
to Koser's citrate.
Gluconate . oxidation.; A two-day old culture' in gluconate broth 
(Shaw and Clarke 1955) incubated at 37°G was tested for the oxidation . 
of gluconate. 1 ml Benedict's qualitative solution was added to the 
culture, mixed and boiled for 10 minutes. Ability to oxidise gluconate 
was detected by the formation of a brown, orange or tan precipitate in 
the mixture.
Malonate utilization: Ability to utilize malonate was detected
from an overnight broth culture in malonate-phenylalanine medium of 
Shaw and Clarke (1955)» A colour change in the medium from green to deep 
blue was indicative of a positive reaction.
Aerobic acid production from carbohydrates: The aerobic production
of acid from carbohydrates was detected on the medium proposed by Baird- 
Parker (1963), An overnight culture was streaked lightly onto the medium
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containing the appropriate carbohydrate in a plate, incubated at 37°G 
and examined daily for two days. A positive reaction was denoted by 
a change in the colour of the medium from purple to yellow.
Aesculin hydrolysis: This was tested by inoculating aesculin
broth as described in Cowan and Steel (1970) a;nd examining for blackening 
of the culture daily up to 7 days.
Casein hydrolysis; A casein agar (milk agar) medium was inoculated 
with the organism and examined daily for clearing around the colonies. 
After 5 days, the plate was flooded with acid mercuric chloride 
(Frazier I926) to distinguish between true proteolysis and clearing of 
milk due to solubilization of the milk protein by alkaline and products 
of metabolism (Hastings 1904),
Gelatin hydrolysis; This was detected by the method of Frazier 
(1926). Inoculated plate of gelatin agar was inoubated for 3 days and 
examined for hydrolysis of gelatin by flooding the plate with 3-10 ml 
acid mercuric chloride solution; clear zones surrounding microbial 
growth indicated areas of hydrolysis.
Hippurate hydrolysis; Hippurate broth (Hare and Colebrook 1934) 
was inoculated with the organism, incubated at 37°G a,nd examined after 
5 days. Ability to hydrolyse hippurate was tested'by the method of 
Ayer and Rupp (I922); appearance of :^ee benzoic acid precipitate after 
addition of I .5 ml of 50 per cent (v/v) concentrated sulphuric acid to 
1 mi culture supernatant fluid and left to stand at room temperature 
for 4 hours was recorded as a positive reaction.
Starch hydrolysis; To starch agar inoculated with each isolate and 
incubated at 30°G for 5 days was flooded with Lpgol's iodine solution; 
the medium turned blue where starch had not been hydrolysed or displayed 
colourless zone surrounding or underneath the colonies as indicative 
of hydrolysis.
Urea hydrolysis; Christensen’s urea medium described in Gowan 
and Steel (I97O) was inoculated with the organism and examined after 
4 hours and daily for 5 days, A colour change in the medium from almost * 
colourless to red indicated hydrolysis of urea.
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Hydrolysis of fats; Ability to hydrolyse butter, lard, margarine 
or olive oil was tested by method described"by Jones and Richards (1952). 
Victoria blue fat agar containing the appropriate fat was inoculated 
with the organism incubated at 37°C overnight. Lipolysis was detected 
by the appearance of deep blue zone beneath or surrounding the microbial, 
growth.
Tributyrin. hydrolysis; This was tested oh a nutrient agar medium 
containing tributyrin. Inoculated plate was incubated at 37°-G overnight 
and examined. Clear zones surrounding the colonies were recorded as 
positive for hydrolysis of tributyrin.
Hydrolysis of Tweens 20, 40, 60 and 80; This was detected on agar
medium containing the specified tween described by Sierra (1937)» The
organism was streaked once across the medium, incubated at 37°G and
examined daily for 7 days. Lipolysis was denoted by the appearance' . . ‘ ■ of opague zone surrounding the microbial growth.
Clearing of egg yolk; A basal medium, as described by Baird-Parker 
(1963) was impregnated with concentrated egg yolk emulsion (Oxoid).'
This medium was then inoculated with the isolate, incubated and read
Ias for casein hydrolysis.
Arginine dihydrolase; The test for arginine dihydrolase was based 
on the detection of ammonia using Nessler's reagent as described in 
Cowan and Steel (I970). A loopful of an overnight broth was inoculated 
into 2-3 ml arginine broth, incubated at 37°G for 48 hours and 
examined; development of brown colour after addition of.0.23 ml Nessler’s 
reagent to the culture indicated a positive reaction.
Reduction of nitrate: Nitrate broth (Difco) was .inoculated with 
each isolate and examined for reduction of nitrate after 3 days incubation 
at 37°G.as follows; reduction to nitrite was tested by the addition 
of 1 ml each of nitrite reagent A and B (Gowan and Steel I970) to the 
culture, red colour of the mixture indicated the presence of nitrite; 
reduction beyond nitrite was detected (after the test for nitrite) 
by the addition of powdered zinc (about 3 mg/ml of culture) to the
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tubes not showing red colour and allowing them to stand. Appearance 
of red colour was indicative of the presence of nitrate (nitrate 
not reduced), absence of red colour denoted reduction of nitrate 
beyond nitrite (neither nitrate nor nitrite was present in the broth 
culture).
Growth at 10°G and 43°0: The test was carried out in a water bath
set at either 10°C or 43°G. Nutrient broth brought to the appropriate 
temperature was inoculated with an overnight nutrient broth culture 
using a straight wire and then submerged in the water bath. Growth 
was examined after 24 to 48 hours.
Growth on salts; Ability of each isolate to grow on plate 
medium containing different concentrations of NaOl (3, 7.3 13 per
cent), bile salts (10 or 4o per cent) or . sodium azide was 
detected by a heavy growth from a light streak of an overnight broth 
culture. The culture was incubated at 37°G and examined after 24 to 
48 hours.
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3. Attempts on the classification and identification of the isolates
In the early stage of the study, three attempts were made mainly 
to establish a scheme for the differentiation of staphylococci and 
micrococci of cutaneous origin. This scheme was considered necessary for 
reasons already described in Section 4,2.(introduction).It was intended in these 
attempts to select from a large battery of physiological'and biochemical 
tests say 10 to 20 tests which would best separate the two genera 
Staphylococcus and Micrococcus, as well as differentiate the various 
species belonging to these two groups. This approach was aided by the 
computer i.e. by the application of a number of computer techniques 
to determine useful tests and groupings of the isolates,
3.1. The first attempt
'3.1.1* Isolates
Two hundred and forty five isolates of Micrococcaceae (Gram- 
positive, catalase-positive cocci) were used in this attempt. These 
isolates were derived from various swab samples of the different skin 
areas (see Materials and Method, Section 1.2.1) of 3 male and 3 female 
volunteers; and from slit-sampler and air-exposure plate samples of the 
air in the chamber, taken from two of the male individuals who 
separately completed the experimental routine described in Section
3.1.2. Tests used in characterization
A total of 60 different tests including both physiological and 
biochemical have been employed in the characterization of each of the 
above isolates (i.e. each isolate was tested with the battery of tests).
The list of these tests is as follows; (see Materials and Method,
Section 2.2 for detailed account of the tests).
Colony morphology;
Granular, regular 
Smooth, convex, regular
(o
66
Pigmentation;
Yellow
Cream-white
Orange
Motility
Saline agglutination 
Production of;
Acid from glucose (Methyl Red)
Acetoin (Voges-Proskauer)
Hydrogen sulphide
Oxidase
Phosphatase
Utilisation of;
Citrate 
Malonate •
Gluconate oxidation
Aerobic acid production from;
Arabinose • Inositol 
Gellobiose Lactose 
Dulcitol Maltose 
Galactose Mannitol 
Glucose Raffinose
Glycerol Rhamnose
Hydrolysis of;
Salicin
Sorbitol
Sucrose
Trehalose
Xylose
Aesculin
Casein
Gelatin
Hippurate
Starch
Urea
Butter
Lard
Margarine 
Olive oil 
Tributyrin 
Tween 20
Tween 40 
Tween 60
Tween 80
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yolk clearing 
Arginine dihydrolase 
Reduction of nitrate ; to nitrite
“beyond nitrite
Growth at:
10°G
Growth on:
3 per cent NaGl Bile salts (lO per cent)
7.3 per cent NaGl Bile salts (40 per cent)
13 per cent NaGl Sodium azide
3 .1 .3 * Computer method
The data obtained from the test reactions of all the 243 isolates 
above were subjected to computer analysis. The programme employed was 
the GLUSTAN lA programme (Wishart I969) which included various 
clustering methods. Some of the methods selected for the analysis were 
Furthest Neighbour, Nearest Neighbour, Group Average, Ward's method, 
Lance-William Flexible analysis and McQuitty's analysis. Each of these 
methods resulted in a dendrogram, and only one which ‘best* (to one's 
expectation) displayed distinct and comprehensible groupings was chosen 
for a detailed analysis.
3 .2 . The second attempt
3 .2 ,1 . Isolates
Only 30 of the above 243 isolates were used in this attempt.
The number had been derived as follows: 3 isolates each were from swab 
samples of the six volunteers and 10 isolates each from the two air 
sampling techniques carried out on two of the males (as in the previous 
attempt). In addition, 3 isolates each from swab samples of two more
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subjects (l male and 1 female) had been included, thus making a total 
of 60 isolates of Micrococcaceae altogether,
3 .2 .2 . Tests used in characterization
In the characterization of the 60 isolates, a set of 43 physiological 
and biochemical tests extracted from the list employed by Baird-Parker 
(1963) were used. These were:
Colony morphology:
Nodular, irregular 
Granular, regular 
Smooth, convex, regular
Pigment:
White Red
Yellow Violet
Orange Translucent (or no pigment)
Production of :
Gatalase - 
Coagulase
Phosphatase ^
Aerobic acid production from:
Arabinose Inositol 
Gellobiose Lactose 
Galactose Maltose
Glycerol Mannitol
Raffinose
Rhamnose
Salicin
Xylose
Hydrolysis of:
Aesculin
Casein
Gelatin
Lard 
Butter 
Tween 20
Tween 40 
Tween 60 
Tween 80
09
Egg yolk clearing 
Arginine dihydrolase 
Nitrate: No reduction
Reduction to nitrite
Growth at:
lO^G
45°G
Growth in:
5 per cent NaGl 
15 per cent NaGl
3 .2 .3 . Computer method
Identification of isolates was by the computer-identification programme 
(IDPR) written'by Bryant (personal communication).The test results of the 
different staphyloOocci"and micrococci (Table 5») reported by Baird-Parker 
(1965) were first recorded in the computer and identification was made 
by matching the data input (the test results of each of the isolates) 
with those recorded. Whenever a given result matched perfectly or varied 
only slightly from the,Baird-Parker's,‘identification level reached* 
appeared on the computer print-out to indicate that the isolate had 
been identified. Otherwise, the print-out showed ‘identification level 
not-reached* and simultaneously displayed a number of different forms 
with which the isolate might have been identified.
3 .3 • The third attempt
3 .3 .1 . Isolates
Similar (60) isolates which have been used in the second attempt
above.
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3 .3 .2 . Tests used in characterization
The 60 isolates were first tested for lysostaphin sensitivity 
(Lachica at 1971 ) and separated into two genera Staphylococcus and 
Microcpccus (see Materials and Methods, Section 2.2).
The test results for each of these isolates, obtained in the 
second attempt, were re-applied so that all isolates in each of the two 
groups could then be directly, though separately, subjected to computer 
analysis.
3 .3 .3 . Computer method
The BICTYPE programme was used in the differentiation of the 
isolates of staphylococcus and micrococcus separately.
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4, Survey of individuals
4,1. Subjects, sampling plan and skin sites
The study population comprised ^ 0 male and 50 female technical 
staif of students of the University of Surrey between 20 to 35 years.
At the time of recruitment, none was showing any obvious sign of disease.
The work involved swabbing on one occasion only each two separate 
groups of 50 individuals each (25 males and 25 females) at different 
period. Group 1 was examined between October and December 1977 and Group 
2 during February and April 1978.
Only two skin sites were chosen for study i.e. the face (forehead, 
cheeks, external part of the nose and regions above and below the mouth) 
and the abdomen (regions extending from below the thorax to slightly 
above the thighs, including periumbilicus and areas surrounding it).
4 .2. Sampling and culturing techniques
Both techniques employed were similar to those already described 
in the previous Sections 1.2.1 and 1 .3 .
4 .3. Isolation procedure
A crude differential enumeration of a maximum of 20 Gram-positive, ' 
catalase-positive coccal colonies (the Micrococcaceae) per given site 
from each individual was carried out. This number (20) was derived by 
random marking of colonies from each sample plate from either skin site,
(face or abdomen) and isolating them as follows:
(1 ) The culture plate with 50-300 colonies was chosen from
either dilution of the sample (see Section I.3 ) from
the face or abdomen of each individual.
(2 ) 20 colonies were selected and numbered from the bottom 
of the plate ^ at random, either by starting from a
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colony (no. l) in the middle or thereabout of the plate 
and proceeding outwards in indefinite direction until all 
20 colonies were marked (l to 20); or by starting from the 
first colony right in the middle or thereabout of a 
dense population, proceeding in a similar manner as before 
until- 20 colonies were numbered,
(3) 3h,ch marked colony was then picked with a straight wire 
and examined for catalase activity. Gram strain reaction 
and cell morphology,
(4) Gram-positive, catalase-positive coccal colonies were sub­
cultured onto TSA (5 isolates per plate).
(5) The random selection of the isolates was continued until 
a maximum of 20 from each sampled site of each individual 
were isolated and subcultured.
(6) All plates of subcultures were incubated at 37°G for 48 
hours and maintained at 4°0 before further investigation.
4.4. . Tests used in characterization ■
In the characterization of the isolates, two sets of tests were 
used; (l) for separating staphylococci and micrococci, and (2) for 
differentiating the micrococci. (Detailed description of each test has 
been included in Section 2.2, Materials and Methods).
I . For the differentiation of. Staphylococcus and'Miorococcus
Four biochemical tests were used for differentiating
Staphylococcus and Micrococcus isolates. These were:
Anaerobic acid production from glucose (o/f test) 
Anaerobic growth in thioglycollate medium 
Lysostaphin susceptibility 
and Coagulase production
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II. For the differentiation of miorocooci
The tests employed were six different characters of 
pigmentation and six hiochemical tests as follows:
1, Pigmentation: Yellow’,
2. Cream-white.
3• Grayish-white,
4. Pink.
5 • Orange.
6. None,
7. Groïd)h on 7 .5 per cent NaGl.
8. Aerobic acid production from glucose.
9 . Gelatin hydrolysis.
10. Nitrate reduction.
11. Acetoin production.
12. Arginine dihydrolase.
4.5 . Computer programmes used
Two computer programmes have been used in the analyses of the 
data obtained from the results of biochemical test reactions of the 
isolates. They were the BIOTYPE and the CLUSTAN lA programmes. These- 
programmes were employed after the differentiation 6f micrococci and 
staphylococci by the first set of tests (see Section 2,2. ). The
BIOTYPE programme was used to reduce the data matrix for micrococci 
only' to a manageable number of groups of isolates recognised as 
'biotypes' which were then analysed, by the CLUSTAN programme. A number 
of clustering methods have been included in the GLUSTAN such as Furthest 
Neighbour, Nearest Neighbour, Gcoup Average, Ward’s method, Lance- 
William's Flexible method and McQuitty's similarity analysis, although 
only one which yielded the most distinct and comprehensible clustering 
was selected for further analysis.
The GLUSTAN programs was -also used in the ecological study of 
of the micrococci on the skin of the 100 individuals examined.
R E S U L T S
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RESULTS
1. Preliminary studies
Since the original aim of the study had to he abandoned (see 
Introduction, Section 4.), the main purposes of the preliminary 
studies became the following, (l) Isolation of strains of Micrococcaceae 
to discover the most suitable tests for differentiating them. (2) 
Discovery of tests for distinguishing staphylococci and micrococci.
1.1. Isolation of strains of Micrococcaceae
1.1.1. Strains isolated from two volunteers
It may be recalled from Section 1 .4.(Materials and Methods)
that 2 of the volunteers involved in the preliminary studies completed
the experimental routine. A total of 45 isolates of Micrococcaceae 
(Gram-positive, catalase-positive cocci) had been derived from them, 
namely:
Male 1 (9 strains from swab samples, 5 from slit-sampler and 
9 from air-exposure plates).
Male 2 (8 strains from swab samples, 5 from slit-sampler and 
y 9 from air-exposure plates).
1.1.2. Strains isolated from six volunteers
Six volunteers comprising 2 more males and 4 females provided 
swab samples only of various skin sites (Materials and Methods,
Section 1.2.1.). Although a large collection of isolates was obtained 
from them only a total of 200 of these strains have been used in the 
bacteriological investigation. A detailed account of the number of
strains derived from each of the individuals is as follows:
Male 3 (69 isolates)
Male 4 ( 5 )
Female 1(33 " )
Female 2(51 )
Female 3(47 )
Female 4( 5 " )
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2. Analysis of results to discover differential tests
2.1. The first attempt
The results of the first attempt i.e. the cluster analysis of 
245 isolates of Micrococcaceae based on the battery of 60 different 
physiological and biochemical tests each is shown in Figure 1 ; a 
dendrogram by Furthest Neighbour analysis which seemed to display 
a more distinctive and comprehensible grouping than other clustering 
methods (Group Average, Nearest Neighbour, Ward's method, McQuitty's 
and Lance-William's analyses). It was possible to discern semi­
sub jectively 8 dendrogram-defined groups comprising 219 of the 245 
isolates examined, by drawing a horizontal line through the similarity 
coefficient of slightly over 1 .5%1 .
Table 6 shows the composition of each of the 8 dendrogram- 
defined groups with respect to staphylococci and micrococci, as judged 
from the single criterion of anaerobic attack of glucose. It thus 
became apparent that all the groups comprised both staphylococci and 
micrococci although groups 5 and 6 were predominantly staphylococci 
and group 3- micrococci,as judged by the single criterion.
Since it has been generally accepted in the past (international 
Subcommittee on Staphylococci and Micrococci I965) that staphylococci 
could be distinguished from micrococci by a single criterion only 
(i.e. by their ability to ferment glucose) it was therefore decided 
to investigate whether there were other tests which might correlate 
with this criterion.
Table 7 compares the mean test results of Staphylococcus 
(71 strains) distinguished solely on their ability to produce acid 
from glucose anaerobically with those of Micrococcus (l48 strains) - 
which were unable to do so. The Table lists only 50 of the 60 tests 
used because the remainder (10 tests) were excluded for yielding 
either all positive or all negative results.
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FIGURE 1. Cluster analysis of the 245 isolates of Micrococcaceae#
NOTES:
The cluster analysis is by Furthest Neighbour, based 
on the test results of a battery of 60 different 
physiological and biochemical tests (see Materials' 
and Methods, Section 3.1.2.) yielded by each of the 
245 isolates of Micrococcaceae from various' samples 
of the air, and skin swabs of 4 male and 4 female 
volunteers (Results, Section 1.1 ).
There are 8 dendrogram-defined groups discerned 
5emi-subjectively by drawing a horizontal line 
across the dendrogram through the similarity 
coefficient of slightly over.1.5841 .
The 8 dendrogram - defined groups contain a total 
of 219 of the 245 isolates examined. The remainder 
(26 isolates) are considered as unidentifiable 
strains and are thus not taken into account.
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TABLE 7 , Comparison of mean test resalts (50 tests)  for stanhylococci and micrococci.
Mean test results^^ Difference'
T E S T Staphylococcus Micrococcus betweenmeans^^*
(71 strains) (148 strains)
Colony morphology:
Granular, regular 0 .2 3 9 0 .2 3 0 0 .0 1 1Smooth,convex,regular 0 .7 6 1 0 .7 3 0 0 .0 1 1Pigment: V/hite 0.634 0 .6 6 2 0.028Yellow ' 0 .1 9 7 0 .2 9 7 0 .1 0 0Orange O.I69 0 .0 4 1 0.128Production of;
Coagulase - 0 .197 0.020 0 .1 7 7Phosphatase 0 .4 6 3 0 .3 7 2 0 .0 9 3Hydrogen sulphide 0 .6 6 2 0 .6 6 9 0 .0 0 7Methyl red 0.676' .0 .5 1 4 O.I62Acetoin 0 .3 9 2 0 .4 0 3 0.187Utilization of:
Citrate 0 .3 9 4 0.338 0.036Gluconate (oxidation) 0 .310 0 .0 9 3 0 .2 1 5Malonate 0.831 0 .7 3 0 0.101Acid nroduction from 
Glucose ; Aerobic 0 .9 5 8 0 .2 7 0 0.688Anaerobic i .p o o 0.000 1.000Aerobic acid productionfrom: Dulcitol 0 .0 1 4 0.020 0.006Galactose , 0.423 0.216 . 0.207Glucose 0 .9 3 8 0 .7 9 7 0.161Glycerol 0.887 0 .6 7 6 0.211Inositol u.OOO 0 .0 0 7 0 .0 0 7Lactose 0 .1 9 7 0.236 0 .0 3 9Maltose 0.831 0 .6 6 9 0.162Mannitol 0.479 0 .3 4 3 0 .1 3 4Sucrose 0 .3 0 7 0 .3 9 2 0 .1 1 5Trehalose 0 .4 6 3 0.392 . 0 .0 7 3Xylose 0 .0 4 2 0 .0 1 4 0.028Sorbitol 0 .0 3 6 0 .0 0 7 CUO49Hydrolysis of:
Casein 0 .4 3 1 0 .466 0 .0 1 3Gelatin 0 .4 2 3 0 .4 9 3 0 .0 7 0Starch 0 .1 9 7 0 .1 5 3 0 .0 4 2Urea 0 .3 3 3 G .426 0 .1 0 9Butter 0 .648 0.385 0 .2 6 3Lard 0.268 0 .1 3 3 .0 .1 1 3• Margarine • 0 .3 7 7 0 .3 2 4 0 .2 5 3Olive oil Ô .324 0 .2 3 0 0 .0 9 4Tributyrin 0 .9 0 1 0.716 , 0.185Tween 20 0 .6 3 4 0 .4 2 6 0.208Tween 40 0 .4 9 3 0 .343 0.148Tween 60 0 .4 7 9 0 .3 1 8 0.161Tween 80 0 .4 3 7 0 .2 9 7 0 .1 4 0, Egg yolk clearing 0 .5 0 7 _  0 .3 18 ^^ 0.189
Ammonia from arginine 0 .6 4 8 0 .324 0 .3 2 4Reduction to nitrite 0 .5 7 7 ' 0 .3 4 3 0 .2 3 2II beyond nitrite 0 .2 2 5 0.122 0 .1 0 3Growth on: Bile h O % 0.965 0 .9 1 0 0.053NaCl 15% 0 .7 6 3 0.678 0.083Na-aside 0 .4 3 1 0.363 0.086Growth at: A5°C 0 .4 2 3 0.169 0 .2 3 4Oxidase 0.268 0 .3 7 2 ,0 .1 0 4
P' ■ 82
NOTES: (table 7 . ) .
(1)Mean test results were calculated from 
the following equation:
Mean = number of strains positive 
total strains tested
(a)Difference between mean test results 
. for staphylococci and micrococci 
respectively.
83
For easy comprehension, Table 7 has been suimnarized in 
Table 8. in which the differences between means have been 
rearranged in descending order of magnitude, simplified overall 
test results have been included to clarify the differential ability 
of each test. It should be noted that if, for example, a test was 
denoted as positive for Staphylococcus and negative for Micrococcus 
this would mean that 80 per cent or more of the former would be 
positive for the test and not more than 20 per cent of the latter 
would yield a similar result. Such a test could be concluded as 
reasonably good for separating the two genera. It was immediately 
clear that the only test showing a positive reaction for one group 
fStaphylococcus) and a negative for the other fMicrococous) was 
anaerobic acid production from glucose, the test used as a sole 
criterion for differentiating them in the first place. This was 
so unexpected, suggesting that two well established genera were 
separable only by a single test out of the 50 selected ones, that
it was decided to investigate further.
Returning to the 8 dendrogram-defined groups (Figure 1.), 
since these groups appeared to be well defined, it seemed likely 
that the tests which determined the clustering of the groups might 
also be useful for differentiating Staphylococcus and Micrococcus. 
Therefore, it was considered of value to analyse these tests and
perhaps select say, 10 or 20 of them for use as a scheme for
future differentiation of the organisms.
Table 9 shows the mean values of the 50 selected tests for 
each of the 8 dendrogram- defined groups and their range of means,
i.e. the difference between the highest and the lowest mean values 
for each test yielded by the given groups. Table 10 is a summary 
of Table 9 - displaying the simplified overall test results of the 
groups, ranked in descending order of magnitude of their means 
range (i.e. the difference between the highest mean value for a 
dendrogram-defined group and-the lowest mean value). Table 10, 
shows that none of the tests gave a combination of positives and 
negatives only (without the variable forms) except aerobic acid 
production from sorbitol. This test, together with three others.
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TABLE 8. Simplified overall test results for staphylococci 
and micro cocci, ranked in order of difference^ .
. T E S T .
Difference between 
means ^
Simplified overall results'Staphylococcus MicroCOecus
Acid f r o m  glucose: Anaerobic -1. 000 +Aerobic 0 .6 8 8 + VAmmonia from arginine 0.324 v VHydrolysis of: Butter 0.263 V VHippurate 0.233 V —Margarine 0.233 V VGrowth at 43 C 0.234 VReduction to nitrite 0 .2 3 2 V* VGluconate 0.213 V ».Glycerol 0 .2 1 1 + VTween 20 hydrolysis 0.208 V VGalactose 0 .2 0 7 V VEgg yolk clearing 0.189 V VAcetoin production 0.187 V VTributyrin hydrolysis 0.183 + VCoagulase production 0.177 —Methyl red production 0 .1 6 2 V VMaltose 0 .1 6 2 + VGlucose 0 .1 6 1 + VTween 60 hydrolysis 0 .1 6 1 V VTween 40 ” ' 0 .1 4 8 V VTween 80 " 0 .1 4 0 V VMannitol 0 .1 3 4 V VPigment: Orange 0.128 - —Sucrose 0 .1 1 3 V VLard hydrolysis 0 .1 1 3 V —Urea " 0 .1 0 9 V VOxidase production 0 ,1 0 4 V VReduction beyond nitrite 0 .1 0 3 VMalonate utilization 0.101 + VPigment: Yellow 0.100 — VOlive oil hydrolysis 0 .0 9 4 V VPhosphatase production 0 .0 9 3 V VGrowth on: Ha.-az±de 0.086 V V. Na 01 15 ^ 0.083 V VTrehalose 0 .0 7 3 V VGelatin hydrolysis 0 .0 7 0 V VCitrate utilization 0 .0 3 6 V VGrowth on: Bile k O % 0 .0 3 3 + +Sorbitol 0 .0 4 9 — —Starch hydrolysis 0 .0 4 2 — —Lactose 0 .0 3 9 ~ VPigment: White 0.028 V VXylose 0.028 VCasein hydrolysis 0 .0 1 3 V VGranular, regular 0.011 V VSmooth,convex,regular 0.011 V VHydrogen sulphide prod. 0 .0 0 7 V VInositol 0 .0 0 7 - ~
Dulcitol 0.006 — —
NOTES: (TABLE 8.) ' .
1
The ranking represents descending order of 
of magnitude of the difference between mean 
values of each test for staphylococci and 
micrococci.
a
Results taken from TABLE 7*
3
Simplified overall results:
.+ = Bo per cent or more strains
positive.
V = variable (i.e. 79 - 21 percent strains positive).
- == 20 per cent or less strains
positive.
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TABLE 9, Mean test results for the 8 dendrogram-defined jsrouna.
Mean test result for
T E S T
(20)“ 2 ,3 , li 5 6 707) (33) (5) (21) (8) (65)
8(30)
Range
ofmeans"
Granular,regular 
Smooth,convex, regular Pigment: White 
Yellow 
OrangeCoagulase 
Phosphatase Hydrogen sulphide Methyl red 
V oges-Proskauer 
Citrate Malonate Gluconate Glucose: aerobic 
anaerobic Dulcitol 
Galactose Glucose Glycerol Inositol 
Lactose Maltose Mannitol Sorbitol 
Sucrose 
Trehalose Xylose Casein Gelatin Starch 
Hippurate Urea 
Butter Lard
Margarine Olive oil 
Tributyrin 
Tween 20 
Tween 4o Ti-jeen 60 Tween 80Egg yolk clearing
Ammo^ iig, from arginineNitrate reduction;
0.650 0.973 0,939 0.200 1.000 0.500 0,738 0.333
to nitrite beyond nitrite Sodium aside 
Oxidase
Growths at 45 0 
NaCl 15 %  Bile 40 %
0.350
0.500
0.100
0.050
0.600
0.500
0.7500.200
0.200
0.300
0.300
0.300
0.1500.0000.1001.000
0.600
6.0000.0000.800
0.0000.000
0.3500.4000.0001.000
0.500
0.2500.100
0.650
0.2000.100
0.0500.100
0.800
0.250
0.050
0.0500.1000.150
0.216
0.784
0.000
0.000
0.459
0.869
0.006
0.459
0.622
0.8650.000
0,297
0.1350.081
0.0540.9416t4860.000
0.027
0,703
0.0540.000
0.1350.108
0.054
0.9731.000
0.216
0.027
0.6220,000
0.000
0.0000.000
0.676
0.405
0.486
0.405
0.3240.432
0.7580.212
0.030
0,0300,242
0.4550.4240.364
0.182
0.545
0.091
0.061
0.0300.000
0.061
0.545
0.4990.000
0.050
0.303
0,3330.000
0.1210.212
0.0610.364
0.4550.091
0.1210.424
0,2120.0000.121
0.030
0.697
0.2730.2120.2420.1820.212
0.6000.400
0.000
0.200
0.800
0.600
0.400
0.200
0.800
0,6000.200
0.600
0.6000.200
0.000
0.8001.000
0.200
0.000
0.600
0.600
1.000
0.200
0.000
0.000
0.200
0.000
0.600
0.2001.000
0.0000.0000.0000.000
0.800
0.200
0.4000.200
0.4000.400
01025
0.258
0.6670.286
0.762
0.762
M 5 7
0.5710.381
0.714
0.8570.992
0=8570.000
0.3331.000
0.8100.000
0.143
0.9520.8970.000
0.7620.714
0.048
0.381
0.524
0.048
0.992
0.476
0.897
0.3330.619
0.238
0.952
0,7140.714
0.619
0.8750.000
0.1251.0001.000
0,750
0.625
0.6250.0001.0001.000
0.750
0.7500,000
0.2501.0001.0000.000
0.500
0.875
0.3750.000
0.500
0.5000.000
0.500
0.1250.000
0,500
0.129
0.8750.2500.879
0.6291.000
0,790
0,625
0.629
0.5000.125
0.969
0,030
0.000
0.015
0.261
0.630
0.753
0.492
0,400
0.8920.000
0,615
0.3530.000
0,4461.000
0.9070,000
0.369
0.692
0.380
0.000
0.500
0.4600.0000.240
0.260
0.1600,120
0.230
0.8400,400
0,810
0.550
0.830
0.6700.440
0.470
0.4300.520
0,350 0.081 0.121 0.000 0.762 0.375 0.560 0,800
0,3500.200
0,450
0.500
0.600
0.7581,000
0.108 0.152 0.600 0.094 0.091 0.200 0.094 0.394 0.200 0.364 0.800 
0.061 0.2000.8690.081
0.6031.000 0.661 0.800 0.712 1.000
0.667
0.2380=205
0,238
0.6190.8801,000
0.375
0^3250,6250.000
0.3750.9371.000
0.580
0.070
0,440
0.130
0.260
0.670
0.900
0.667 0.800
0.333 0,800
0.967 0.874
0,033 0.7840.000 0.6670.000 1.0000.200 0.800
0,767 0.3650.700 0.8570.633 0.433
0.233 0.800
0,867 0.7000.000 1.000
0.667 0.8910.400 0,8270.000 0.200
0.600 0.600
1.000 0.459
0.967 0.5450.000 0.200
0.533 0.5331.000 0,697
0.767 0.8570,000 1.000
0.767 0.6460.136 0.7140.000 0.061
0.133 0.867
0.367 1.000
0.167 0.600
0.600 0.925
0.667 0.8750.400 0.8750.167 0,400
0.367 0,8750,266 0.6250.633 0.3670.467 0.550
0.266 0,664
0.233 0.5750.231 0.5190.266 0.399
8 0,800
0.600 0.559
0.367 0.3210,266 0.851
0.067 0.865
0.233 0.558
0.667 0.334
0.967 0.288
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NOTES! (TABLE 9 .)
^ Groups were obtained semi-subjectively by- 
inspection of the dendrogram by Furthest 
Neighbour analysis given in Figure 1,
^ Total number of isolates in each group.
^ Difference between the highest and the 
lowest mean values (underlined) for each 
test.
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TABLE 10. . Simplified overall test results of the dendrogram- 
defined groups, ranked in order of range of meansi-
T E S T
Range 
of a
Simplified overall results of 
the dendrogram-defined group
means 1 2 3 4 5 6 7 8
Coagulase 1.000 V +Gluconate 1.000 V - - - + + —Gelatin 1.000 V + V V — V VSorbitol 1.000 - - - + - — — _Hippurate ‘ 0.925 - - - - + V - VGlucoses aerobic 0.891 V V - V + V V" VUrea 0.875 V V V + V - V VButter 0.875 - - V + + + VMargarine 0.875 - ~ - - V + VPigment: White 0.874 V V V V - + + +Casein 0.867 + + V - V V VOxidase 0.865 V + ' V + V — mmMethyl red _ 0.857 V — V V + V V VMannitol 0.857 — — V V + V V VSodium azide 0.851 V - V — + V y VGlucose: anaerobic 0.827 - - V + V V VGranular, regular 0.800 V - - + — V V VSmooth, convex, regular 0.800 V + + - + V V VPhosphatase 0.800 V V V + V + VCitrate 0.800 V - + V V VAmmonia from arginine 0.800 V — — V V V +Pigment: Yellow 0.784 V V V V V _Trehalose 0,714 V V — V V V 4-Malonate 0,700 V + V V V + + 4-Maltose 0.697 + V V V + + V 4*Pigment: Orange 0.667 — - — — V — mmTween 40 0,664 - V V V V V V VSucrose 0.646 V — — V V V VOlive oil 0,625 — #* — — V V V VGalactose 0,600 — — — V V V VStarch 0.600 V V — VTween 60 0.575 - V V — V V V VReduction to nitrite 0.559 V — — V V V V VGrowth: 49°G 0.558 V — - — V V V VTween 20 0.550 V V V - V V V VGlycerol 0.545 V V V + + + + +Lactose 0.533 - mm - - V V VTween 80 0.519 - V - V V V V VGlucose 0,459 + V V + + + 4- 4-Acetoin (VP) 0.433 — V V — V V V VLard 0.400 — — - — V V VEgg yolk clearing 0.399 - V V V V — V VTributyrin 0.367 + V V + + + + VHydrogen sulphide 0.365 V + V V V V V VGrowth: NaOl 19, ^ . 0.334 V V V + + + V VReduction beyond 
nitrite 0,321 _ V V VGrowth: Bile 40 ^ 0,288 + + V + + + + 4-Dulcitol 0.200 — — — — _Inositol 0.200
Xylose 0,061
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NOTES: (TABLE 10.)
The ranking represents descending order 
of magnitude of the means range of each 
test for the dendrogram-defined groups.
Results taken from Table 9*
Simplified overall results:
+ = 8 0  per cent or more strains 
positive.
V = variable (79 - 21 per cent strains positive).
- = 20 per cent or less strains
positive.
(Percentage values are converted from 
mean values in the mean test result 
columns of Table 9 )
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namely, coagulase production, gluconate oxidation and gelatin 
hydrolysis displayed a maximum range of means of 1.00 . These four 
tests might thus be useful for separating at least certain groups 
of Staphylococcus from Micrococcus or vece versa. However, the test 
for anaerobic acid production from glucose which had been used as 
the sole criterion for distinguishing the two genera was not among 
the four tests; among the possible reasons for this were the following: 
(l) the test was not absolute as a sole criterion in the differentiation 
of Staphylococcus and Micrococcus, (2) the test was absolute but it had 
been rendered otherwise due to technical error or misinterpretation of 
test results, or (3) staphylococci and micrococci are so closely 
related to each other in their physiological and biochemical propertied 
that numerical taxonomy is incapable of separating them. Efeich of these 
possibilities was therefore borne' in mind in the work that followed.
2.2. The second attempt
This attempt was merely an effort to establish whether a scheme 
for rapid identification and classification of the isolates by the 
computer, using the Baird-Parker*s groups characteristics would yield 
satisfactory differentiation of staphylococci and micrococoi. The data 
matrix employed was that' given in Table 5 and the computer programme 
employed (IHPR) was a probabilistic identification system based on that 
of Bas comb et al. (19?3)* Data regarding 60 strains were used in the 
trial (see Materials and Methods, Section 3.2.1.). In the first run, 'the 
data matrix included the results for Sarcina. the term used by Baird- 
Parker (1965) for his aerobic packet-forming cocci. (Sarcina is now 
restricted to strictly anaerobic forms, Baird-Parker. 1974b). In the 
second run, the results for this species were excluded.
Table 11 shows that 29 strains were identified as Sarcina in the 
first run but 21 of these were reidentified as Micrococcus subgroup 7 
in the second run; this subgroup was later termed Micrococcus luteus 
(Baird-Parker 1974b), two further strains were reidentified as 
Micrococcus subgroup 8 or M. r os eus and the remaining 6 strains were 
unidentifiable. This would therefore seem to confirm that the forms 
which Baird-Parker (I965) termed Sarcina were, in most cases,
Micrococcus luteus.
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TABLE il. The identification of 60 isolates hy thé 
computer identification-programme (IDPR) 
based on the results of Baird-Parker*s O 965)-
Reference no\. . of isolates
Spéciës identified in^ :
II
Reference no, of isolates
Species identified in:
II
FI 01 
PI 02 
FI 03 F104 FI05 F206 
F20? F208 F209 
P210 F3II 
F312 
F313F314
F315
f4i6
f417
f418
f419
f420
M121M122
MI23M124
MI25M226
M227M228
M229M23O
Sarcina sp.Sarcina sp.
M(3)Sarcina sp.
Sarcina sp.
i t i lSarcina sp.
M(8)Sarcina sp.
M(3) Sarcina s p .
M(3) Sarcina sp,Sarcina st>, 
Sarcina sp.
Sarcina s p .Sarcina s p ,
M(^)
Sarcina sp. Sarcina sp, 
Sarcina sp, Sarcina sp.
h C?)14(7)
M(7)
M(6)
M(7)
M(l)
M331 Sarcina sn.M332 --M333 M(l)M334 M(l)
M335 Sarcina sp.M436 Sarcina sp.M437 —
m438 ' —M439 M(5)
m44o Sarcina sp.Ml4ls Sarcina sp.Ml42s Sarcina sp.Ml43s M(5)Ml44s Sarcina sp.Ml45s —M246s Sarcina so.M247S M(5)M248s Sarcina sn.M24-9S —M25OS —M151e Sarcina sp.M152e Sarcina sp.M153e --Ml$4e --M55e M(6)M256e Sarcina so.
M 2 3 7 e Sarcina sn.
M Z 5 8 e M(5) ■M259e 3 6)M260e M(5)
s
M(5)
M(l,
m (?)
H ( 5 )M(7)
M(7M(8
M(7)
M(6)!8!
NOTES:
I and II : the first and second runs of the computer
identification - programme respectively.I - the results for Sarcina as shown in
Table 5 . were included in the data base,
II - the results for Sarcina.were excluded.
M - Micrococcus n8 - Staphylococcus J  “  brackets - Baird-Paxker’s:---  subgroup.
Identified species » identification level is reached; 
Gcorea is equal or greater than 
80 per cent.
=  identification level not reached; 
Score is 79 per cent or less.
Y u
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The scheme was successful in that, using the IDPE programme, 
only 15 isolates cut of a total of 60 failed to reach the identification 
level of 0.8 . However, it should be noted that Has comb et al. (1973) 
considered that an identification score of 0.999 was necessary for 
reasonable confidence. It was found that identification of each 
isolate individually using this programme was laborious and time 
consuming and thus unsuitable for use with a large collection of 
isolates. Moreover, many of the 43 tests' employed were of low 
differential ability (see Table 5 ). It is possible that the scheme
might have been improved by reducing the number of tests to a few 
selected ones, but this was not attempted.
2 .3 • The third attempt
In this attempt the 60 isolates were first categorized as either 
Staphylococcus or Micrococcus, on the basis of lysostaphin sensitivity 
and anaerobic acid production from glucose. 36 were judged Micrococcus 
and 24 were Staphylococcus. The results of all 43 tests were then used 
as an input for the BIOTYPE programme (see Introduction, Section 3*5-)»
The outcome was somewhat unexpected. Only 2 of the Micrococcus strains 
fell into the same biotype, the remaining 34 each forming a separate 
biotype ; the 24 Staphylococcus strains reduced to 15 biotypes. This 
seems to suggest considerable variations in both groups with respect to 
physiological and biochemical characters. However, it should be realized 
that the BIOTYPE programme was largely untested at that stage and it 
may be too sensitive a method for use in the broad differentiation of 
the two major groups. Table 12 summarizes some of the selected tests 
for the differentiation of micrococci and staphylococci, ranked in 
descending order of their collective separation ability.'
2.4. Differentiation of Staphylococcus and Micrococcus
From the above findings, it seems certain that for the 
classification and identification of the isolates of Micrococcaceae 
the following should be taken into account. First, these isolates
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TABLE 12. Selected tests for the differentiation of
micrococoi and staphylococci, ranked in order of collective separation ability.
No: Micrococcus Staphylococcus
1. Pigment: Yellow Phosphatase production2. Phosphatase production HaS production3. Hg,8 production Acetoin production4. Citrate utilization Citrate utilization
5- Saline agglutination Maltose (aerobic)6. Malonate utilization Mannitol ( " )7. Glucose (aerobic) Salicin ( " )8. Inositol( " ) Aesculin hydrolysis9. Casein hydrolysis Gelatin "10. Gelatin hydrolysis Hippurate "11. Starch . " Margarine "12. Urea Tween 20 "13. Tr-reen 40 " Tween 40 "14. Tween 80 " Tween 60 "15. Nitrate reduction Ammonia from arginine16. Growth: on Na-azide17. •’ at 45°C18. " NaCl 7.5 #19. Sucrose (aerobic)20. Xylose ( " )
NOTE: The tests are taken from the computer
print-out (not included in the thesis) of the BIOTYPE programme.
should he distinguished as to whether they belong to the genus 
Staphylococcus or Micrococcus respectively,and thereafter examined 
separately. Second, a combination of tests is necessary to separate 
the two genera and an effective combination would seem to require 
lysostaphin sensitivity and anaerobic acid production from glucose 
together with one or two others such as sorbitol attack and coagulase 
production as confirmatory tests.
2 .5 . Differentiation of the micrococci
It thus became apparent that for the classification and 
identification of the strains of Micrococcus it would be necessary 
to find a few selected tests of good differential ability. This 
could be done either by further attempts using the different tests. ' 
which had been shown by the above results to display this ability 
or by testing already established schemes such as that of KLoos et 
(1974) which would in any case probably involve some of the tests 
which had been revealed as useful by the results already obtained.
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3. Survey of 100 individuals
The survey of 100 individuals was undertaken for the 
following purposes: 1. To compare isolation rates for Micrococcus-•
and Staphylococcus on 2 different sites (face and abdomen) in 
equal number of male and female volunteers; 2. To employ the 
previously selected lists of tests to establish the scheme for 
differentiation of types of Micrococcus; and 3• To determine 
pattern of distribution of the Micrococcus types within the 
population survey. The survey thus involved taking .(on one occasion 
only) swab samples from the face and abdomen of 50 male and 50 
female subjects; selecting at random 20 Gram-positive, catalase- 
positive strains of coccus from among the different colonies of 
the isolation plate medium; and differentiation of Micrococcus 
and Staphylococcus using the tests described previously.
The ’ separate Micrococcus isolates (comprising
1,888 in number) were then grouped into I90 biotypes using the 
BIOTYPE programme; due to the large number of isolates, this 
could not be done on one computation and they were examined in 
two groups comprising 943 and 945 respectively.
The 190 earlier biotypes were then further reduced to 70 
final biotypes, using the same programme, and the results 
evaluated. The I90 earlier biotypes were also subjected to 
classification into groups using the GLUSTM lA programme (Wishart 
1969): 35 groups or subgroups resulted.
Lastly, the 100 individuals themselves were grouped using 
the GLUSTAN lA programme, according to the isolation pattern of
the different Micrococcus groups on the face and abdomen.\,_
3 .1 . ‘ Isolation rates
The results are shown in Table 13 and summarized in 
Table l4 . The random selection of the 20 coccal isolates from 
each sample of the face and abdomen of 100 individuals resulted
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TABLE 13. Total number of Hicrococcus and Staphylococcus coUmies from 
face and abdomen of the 100 Individuals.
FACE ABDOMEN B O T H  S I T E S
1.2.3.4.
5.6.7.8. 9.10.11.12.
i l ;17.18.19.20. 21. 22.23.24.
: l ;27.28.29.30.31.32.
34!
36!
37.38.
I : ;41.42.
5 :
4 7 .48.
49.50.
20'*-»
17
5 207 1206
2
19
\ l3 10
170 
610420 3
13206128 6 8
160602006
3763 71024
1 018 2
0
3
150
13 8 2014
15
16 18 
1 7 
6
17 10
3 2014 10 160
157014.81214124 20 14 2018 20 20 14
17II
17 
13 101816
20218
17
17
320820
17116
17 10 
15 
15
il
J
:
35
152
2 
0
11
19 5•1618 11
3 0 5
0
1512 124 81020 
3 8
17 218 12
33
170
120
3194
3 10
5 5 54
172
17
1617
1552018 2091144 2 9
16 20
157 14 20
58 816 12 100
17 12 418 2 a
37 2
34 68 U40 0
15 %532 • 8
177 3321 1921 1912 28
y* 628 12
29 11
19 gl
13 7^35 53 3710 30
13 279 3135 55 35
15 2520 20
17 23
31 9
13 2722 1826 14
27 133 376 345 35
15 256 34
0 4o21 19
15 25
19 21lo­ 20ll 29
17 23
30 105 3512 28
18 222 ,;8
36 414 26
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TABLE I3.(contd.)
FACE ABDOMEN B O T H  S I T E S
51. 2 1852. 1 1953. 16 454. 16 455. 0 20
56. 14 6
5 7. 11 958. 15 559. 4 16
6 0. 16 4
61. 20 0
6 2. 1 19
63. 9 1164. 5 15
65. 6 1466. 12 867. 7 1368. 7 136 9. 2 1870. 12 8
71. 5 15. 72. 4 1673. 0 2074. 14 6
75. 12 876. 10 10
77. 2 1878. 5 1579. 4 630. 11 981. 0 2082. 3 178 3. 14 684. 5 15
85. 6 1486. 13 78 7. 1 1988. 14 6
8 9. 10 10
9 0. 16 4
9 1. 0 20
9 2. 11 , 9
93. 15 594. 8 12
9 5. 11 99 6. 11 ■ 9
9 7. 10 1098. 4 16
9 9. 16 4100. 4 16
4
1210
190
15 18 
1821016 
91718 1606111888
112104
5 11
918
6 0 
5 919 16
916
13202
13 
152
1914 
191920 
19
16810
120
5 2 21810411
3 24 20
14 
9 
21212
il81016
15 911214 20
15 11141147018
1816 1 1 0 1
6132635 02929336
2636 10 
26 23 22 12 13 18 20 2013 9 6262214 7162329
631914
2529 103023 36224 30 10 3025 29 23 36 23
342714
54o1111734144
1718 23 27 22 20 20 27 31 3414 13 
26
17113437 21 
2615 11 30 1017 43818 10 30 10 15 11 174
17
NOTES:
^^^Individual (the numbering has been rearranged for easier reference): 
Male - 1 to 50*
Female - 51 to 100.
^^k\umber (in column) représente crude differential colony 
count of Micrococcus and Staphylococcus (Max. 20 colonies 
per site).
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in a total collection of 4,000 Gram-positive, catalase-positive 
coccal strains belonging to the genera Micrococcus and 
Staphylococcus. 1,888 strains were micrococci and the remaining
2,112 were staphylococci. Thus micrococci comprised 47.2 per 
cent of the isolates.
At first sight. Table 13 appears to show a highly random 
pattern. For both face and abdomen, and micrococci plus- . 
staphylococci, the colony counts could range from 0 to the 
maximum value of 20, However, this situation occurred only in a 
few individuals (e.g. individuals 1, 25, 6l yielded 20 Micrococcus 
colony and no staphylococci from the face, whereas individuals .
7, 18, 32, 34, 36, 37, 48, 55, 73, 81 and 9I yielded entirely 
staphylococci from the face, likewise from the abdomen individuals 
4, 6, 44, 62, 90 and 99 yielded all micrococci and no staphylococci, 
whereas individuals 23, 25, 55, 66 and 82 yielded staphylococci 
only).
The majority of the individuals yielded both micrococci and 
staphylococci in varying number from both face and abdomen.
It is clear from Table I5 that there are a number of 
individuals which yielded micrococci and staphylococci respectively 
as 11 or more of the total 20 colonies selected,from each site 
examined.
It will be noted from Table 15 that in no less than 36 of 
the male volunteers, staphylococci predominated on the face. Using 
Yate*s !X?-test the probability of this distribution occurring by 
chance is less than O.O5 , whilst in the females, although the face 
•was predominated by staphylococci in 28 of the female volunteers 
this occurrence was statistically not significant.
Table l4 shows the total number, percentages and ratios of 
Micrococcus and Staphylococcus isolates from both sites examined.
It is clear, on the face staphylococci were more abundant than 
micrococci,more so in the case of maleè than females, with a ratio, 
between micrococci and staphylococci, of 1:1,6 in males and 1 :1.36  
in females. However, on the abdomen micrococoi were more abundant
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than staphylococci more so on females than males• indicating a 
ratio of l.^^hl compared to l.O^sl-in male8 ,
These findings show that sex does play a part in determining 
the normal cutaneous flora at least in young adults as suggested 
hy Noble and Somerville (197^)., They also noted that sex hormones 
have direct effect on the skin quite apart from those related to 
sebum production. Thus, a likely presumption could implicate 
hormonal reasons. In this case, it seemed that there was similar 
hormonal preponderance of micrococci on the abdomen particularly 
in females. Perhaps the difference(s) lies in some other properties 
of skin secretions in the two sexes such as fats and free fatty 
acids which may have affected the organisms; or in the physical 
nature of the skin surface , which renders it more suitable for 
colonization by micrococoi on the abdomen than the face especially 
in the females. Nevertheless, since there appear to be no other 
studies available for a direct comparison of these results, it is 
only appropriate to regard the above reasons as merely speculative. 
Moreover, it should be emphasized that these comparisons are not 
absolute because of the crude enumeration or differential isolation 
(picking a maximum of 20 colonies only for each specified site); 
and the comparisons are in the form of ratios.
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3.2. Recognition of Biotypes
Of the 4,000 isolates obtained from the 100 individuals,
1,888 were micrococoi and the remaining 2,112 were staphylococci.
At this stage, attention was directed towards the investigation of 
the Micrococcus species only and no further work was done on the 
staphylococcal isolates. The Micrococcus isolates were subjected 
to a series of selected tests, chosen on the basis of the 
preliminary study (see Section 2.2.) which it was thought gave 
maximum differentiation into previously described species. These 
tests included pigment production and a variety of biochemical 
properties. Pigment production accounted for six characters and 
together with the rest of the biochemical characters formed a list . 
of twelve different features as follows:
1. Pigment: Yellow.
2. Cream-white.
3. Grayish-white.
4. Pink.
5. Orange.
6. None.
7. Growth on 7*5 per cent NaCl.
8. Production of acid from glucose (qerobic).
9. Hydrolysis of gelatin.
10. Reduction of nitrate.
11. Production of acetoin.
12. Hydrolysis of arginine.
The results of these twelve tests for the 1,888 Micrococcus 
.isolates were then used as data for the BIOTYPE programme (Bryant, 
unpublished), This quantity of data was beyond the capacity of the 
programme, and it was necessary to process the strains into groups. 
Group 1 consisted of 943 strains isolated from the first 50 
individuals examined (it will be recalled that these comprised both 
males and females and that it was only for the purpose of Table 13 
that the individuals were renumbered so that 1 to 50 were males 
and 51 to 100 were females). Likewise,Group 2 comprised 945 strains 
isolated from the second of 50 individuals examined, which also
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contained both males and females. Although the division into two 
groups was a necessity it was felt- that this would provide a 
useful check on the reliability of the results, since group 2 
should contain a range of biotypes similar to that in group 1.
The first and second runs of the BIOTYPE programme resulted 
in the reduction of the 1,888 strains (9^3 strains from group 1 
and 945 from group 2) to I90 biotypes (112 and ?8 biotypes from 
group 1 and 2 respectively). Although this number still appeared 
to be too great for ready comprehension and the programme was 
later re-run to reduce the number further, the results of the first 
two runs are given in Table 16 . These results will not be
discussed in detail since they were only a half way step towards 
obtaining a convenient number of biotypes to be used as thé 
Operational Taxonomic Units (OTU's) in the subsequent cluster 
analysis. However, the results were used to calculate the 
separation value of each of the twelve characters. The separation 
value was taken as the number of biotypes giving a positive result 
multiplied by the number negative (Gyllenberg I963). The separation 
values given at the bottom of Table 16 are ranked in descending 
order in Table I7 .
The maximum possible separation value for I90 biotypes is 
9 1025 (i.e. 95 positive x 95 negative). Two of the tests viz. 
aerobic acid production from glucose and reduction of nitrate achieved 
a separation value which was almost a maximum (separation value = 
9,02(f, 96 tiotypes positive, 9^ negative). Of the pigments, yellow, 
cream-white and grayish-white were considerably of higher 
separation values than orange and pink pigments, since the latter 
were produced by only 7 and 6 biotypes respectively. Gelatin 
hydrolysis and acetoin production also showed high separation values.
It will be noted that the two having high separation values 
(aerobic acid production from glucose and nitrate reduction) are 
the tests principally useful for the differentiation of Micrococcus • 
— — ■■ varians, the two species believed to predominate in
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TABLE 16. The combined BIOTYPE programme results of 943
and 945 Micrococcus strains isolated from group 1 
and group 2 individuals examined respectively.
NOTES:
The result is a computer print-out with 
the addition of the separation value of 
each test.
The programme resulted in the reduction 
of the 1,888 Micrococcus isolates to a 
total of 190 biotypes.
Group 1 - 50 individuals (25 males and 
25 females) examined between 
October and December 1 9 7 7 •
These individuals yielded 943 
Micrococcus'isolates which in the 
the first run of the BIOTYPE 
programme were reduced' to 112 
biotypes.
Group 2 - 50 individuals (25 males and 
25 females) examined between 
February and April 19?8. They 
yielded 9^1-5 Micrococcus isolates 
which in the second run of the 
BIOTYPE programme were reduced 
to 78 biotypes.
The test numbers are those employed in Table 17.
Test reaction: 99 = All strains in biotype 
positive.
1 = All strains in biotype negative,
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TA-BLE 1 6 .
Bio- REFERENCE T E S  T Ho. strainstype NAME 1 2  3 4 5 6 7 8 9 10 11 12 inbiotype
1 GP 12 GP 23 GP 3A GP 45 GP 56 GP 67 GP 76 .GP 89 GP10 GP11 GP 111$ GP 12l3 GP 1314 GP 1415 GP 1 51 V GP 1 617 GP 1718 GP 1819 GP 1920 GP 20U f ii23 GP 2324 GP 2425 GP 2526 GP 2627 GP 2728 GP 2025 GP 2930 GP 3031 GP 3132 GP 3233 GP 3334 GP 3435 GP 3536 GP 3637 GP 3738 GP 3839 GP 3940 GP 40n g Vz43 GP 43A4 GP 4445 GP 4546 SP 4647 GP 4748 GP 4849 GP 4950 GP 5051 GP 5152 GP 5253 GP 5354 GP 5455 GP 5556 GP 5657 GP 57,,5R GP 5859 GP 5960 GP 6061 GP 6162 GP 6263 GP 6364 GP 6465 GP 6566 GP 6667 GP 6768 GP 6869 GP 6970 GP 7071 GP 7172 GP 7273 GP 7374 GP 7475 GP 7576 GP 7677 GP 7776 GP 7879 GP 79i?82 fiP 8283 GP 0384 GP 8485 GP 85' 86 GP 8687 GP 8788 GP 8889 GP 8990 GP 90n U Vz. 93 GP 9394 GP 9495 GP 95. 96 GP 9697 SP 97, 98 ..GP __98
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TABLE 16 (continued;.
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TABLE 17. Separation values of individual tests for 
differentiation of the 190 Biotypes
Reference no 1 TEST SeparationValue'
8 Aerobic acid from glucose 9 ,0 2 4
10 Nitrate reduction 9 ,0 2 4
1 Pigmentation:Yellow
9,000
9 Gelatin hydrolysis 8,525
11. Acetoin production 7,344
2 Pigmentation: Orearn-white 3 ,3 0 4
3 Pigmentation;Grayish-white 4,800
12 Arginine dehydrolase 4 ,3 3 5
G Pigmentation:None 2 ,301
7 Growth in NaCl 1,800
5 Pigmentation:Orange 1,281
4 Pigmentation:Pinic 1 ,1 0 4
^Rearranged in descending order of magnitude. 
Separation value of each test is determined hy the 
following equation (Gyllenberg 1963)5
Separation
value
“ No, of No, of= strains X strains
positive negative
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the human skin flora (Kloos et a^. 1974). Yellow and cream-white 
pigments are generally distributed indifferently between the two 
species, Gelatin hydrolysis is usually positive for M . luteus 
and variable for M . varians. Orange pigment is characteristic of 
M. kristinae and M. nishinomiyaensis whilst pink pigment is the 
characteristic of M. roseus. All three of these species are 
known to occur in the human skin flora (Noble and Somerville 1974, 
Kloos et al. 1974), M. roseus rather infrequently.
It is necessary to point out that the separation values were 
calculated from the number of biotypes rather than strains.
The BIOTYPE programme was then used again to reduce the I90 
biotypes obtained in the first two runs to a number manageable 
for the recognition of biotypes. As a result of this subsequent 
run, the I90 biotypes were reduced to 70 well defined biotypes 
as shown in Table 18 .
This Table lists the 70 biotypes, separated on the basis of 
character difference such that the biotypes differed one from the 
other by at least a single character. The Table gives the species 
approximation for each biotypes, where such approximation was 
possible but no attempt has been made to gather together the 
biotypes of a given species. Therefore, each characteristic of the 
final 70 biotypes was absolute for defining a specific biotype which 
may consist of several similar strains of one species. Identification 
of these biotypes with the different species of Micrococcus was done 
by subjectively matching the characteristics of the biotypes with 
previously identified Micrococcus species given in Table 4 and with 
those described by Kloos ^  al. (1974). As a result, 75 per cent of 
the biotypes were identifiable with eight different species of 
Micrococcus, namely, M. luteus. M. varians. M. lylae, M, halobius.
M. kristinae, M. sedentarius. M. roseus and M. nishinomiyaensis.
These species are all known to be found on the human skin as members 
of the normal flora (Kloos et al. 1974, Schleifer and Kloos 1975).
The remaining biotypes (about 25 per cent) could not be identified, 
and were classified as indeterminate species.
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The third most abundant species was M. lylae with 202 strains. 
The other species and the indeterminates each accounted for less 
than 9 per cent of the total number of isolates. This result is 
clearly illustrated in Figure 2 which merely emphasizes that 
the three species viz. M . luteus, M. varians and M . lylae were 
predominant, the others were scarcely isolated on the skin cf the 
100 individuals sampled.
Figure 3 shows the number and distribution of isolates in 
the different biotypes of the three principal species of Micrococcus 
It is interesting to note that in M . luteus, most of the isolates 
were from a single biotype only i.e. 755 out of 1,049 isolates 
(72 per cent) belonged to biotype 3* In M. varians, most (54 per 
cent) of the isolates were in biotype 1 and 2 (26 and 28 per cent . 
respectively). The remaining 46 per cent were distributed fairly 
evenly among the 21 remaining bio types with a mean of 5*1 isolates 
per biotype taken from a range of 1 to 27 isolates within these 
biotypes. Overall, the number of isolates per biotype was 175 for 
M . luteus and only 19.4 for M . varians. From these results it 
becomes clear why this species is called Micrococcus varians. The 
term "varians” was derived from the Latin word which means varying; 
and with 23 different biotypes identifiable as M. varians, and most 
of which were evenly distributed in their number of isolates, the 
name for this species seems to have been aptly chosen. In 
Micrococcus lylae, there were three biotypes with large number of 
isolates viz. biotypes 30» 46 and 36; the remaining biotypes 
comprised isolates ranging from 1 to 25.
Table I9 also compares the results for groups 1 and 2 of the
1,888 isolates which formed the earlier I9O biotypes. As an easier 
means of comparing these two groups, the data were represented in 
the form of a histogram as shown in Figure 4 It is interesting 
to note from the histogram that the differences between group 1 
and 2 are relatively minor with respect to the numerically larger 
species, M . luteus, M. varians and M . lylae ; the main differences 
occurring within the smaller species viz, M. halobius, M. kristinae.
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FIGURE 2.^ Percentage distribution of isolates in the 
different species of Micrococcus including the indeterminate.
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FIGURE 3« Percentage distribution of isolates in the different biotypes of three principal species of Micrococcus.
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FIGURE 4. Number and distribution of isolates in the different 
species of Micrococcus found in groups 1 and 2 .
NOTES iSpecies:- 1 - Micrococcus luteus. 
2 - M. varians
3 - M. lylae
4 - M. halobius
5 - pl- kristinae
6 - M. sedentarius
7 - M. roseus
8 - M. nishinomiyaensis
9 - Indeterminate
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M . sedentarius and in particular M. roseus. The probability of these 
differences occurring by chance was by 2(5 “ test, less than 0 .01; 
which was of a high order of significance.
It can be seen that M. roseus strains were isolated only in 
group 1 ,which was sampled and examined some time during the period . 
between October and December of 1977 (see Materials and Methods).
No strain of M. roseus was isolated in group Z which was sampled 
and examined some time later i.e. from February to April of the 
following year.
The difference between group 1 ^ d  2 for M. roseus may be due 
to several reasons. In the first place, the different sampling 
periods may have involved a difference in the environmental 
conditions for the survival or growth of this organism either 
directly or indirectly. For example, seasonal conditions such as 
temperature may have a direct effect on growth of the organism 
particularly on exposed areas of the skin such as the face. On the 
other hand, clothing habits of volunteers under different seasonal 
conditions may have provided the appropriate temperature, humidity 
or other micro-environmental factors for this organism especially 
on unexposed skin surfaces such as the abdomen. In either case, 
the condition obviously must have favoured the organism in group 1 . 
This possibility could be tested by frequent sampling of a number 
of similar subjects throughout the year and checking the occurrence 
of the species with respect to time. Such sequential studies were 
not attempted in the present work.
It is also possible that differences in test results between 
the groups of strains may have been due to slight difference in 
methodology. For example, the technique for the detection of 
pigment production was to examine plate cultures of the organism 
after a two-day incubation at 37° G followed by a three-day 
incubation at room temperature under diffused lighting. (Exposure 
to light is said to be necessary for maximum pigmentation in 
staphylococci and micrococci; Cowan and Steel I970).
Undoubtedly, both temperature and light intensity during the 
latter period of incubation may vary considerably from time to 
time. Therefore, it is likely that the conditions to which group 1 
was subjected during incubation may have greatly differed from 
those in group 2 especially since this involved a long break 
almost two months) between the periods of sampling and examining 
the two groups. It is possible that in group 1 conditions were 
favourable for the production of the pink pigment which is 
characteristic of M . roseus. Perhaps such pigment did not appear 
in group 2 because conditions were unsuitable, thus leading to 
misclassification, probably as M. varians. If so it would be 
misleading to use pigment production as the main characteristic 
of the species unless tested for under controlled conditions, 
since it would be possible for strains of the species to be 
misclassified as-different species for their inability to produce 
the characteristic pigment under unfavourable condition. This 
hypothesis could be tested by examining pigment production of 
various characteristically pigmented strains of M . roseus under 
different temperatures and intensity of illumination. However, 
this was not attempted in the present study, mainly because the 
situation emerged only after the present analysis of the results.
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3 .3 * Cluster analysis of the biotypes
It will be recalled from the previous section that the 
result of the first two runs of the BIOTYPE programme was the reduction 
of 1,888 Micrococcus isolates to I90 biotypes. This reduced 
number was convenient for use as the OTU*s in the CLUSTAN lA 
programme. In the first run of the CLUSTAN programme,the I90 
biotypes became clustered mainly on the basis of the different 
colours of colony pigment. This result was considered unsatisfactory,
! for reasons given below, and is not included here.
Although pigmentation has been considered one of important 
characteristics for differentiating certain of the species of 
Micrococcus (e.g. M. roseus is defined by its characteristic pink ■ 
pigment, and M . kristinae and M .nishinomiyaensis by their orange 
pigment) this character is less specific in most other species of 
this genus (Kloos et al. 19?4). Strains of these other species may 
produce various pigments such as yellow, cream-white, grayish-white 
though not usually pink or orange; some produce no pigment at all. 
Secondly, it is highly likely that the CLUSTAN programme selected 
pigmentation as the basis for grouping the I9O biotypes for the 
following reason: pigmentation comprised six of the twelve 
differential characters used; therefore, this must have resulted 
in bias by providing a six-fold weighting for this feature compared 
with other characters.
In view of this, a modified data input for the second run of 
the CLUSTAN programme was considered necessary. This involved only 
a slight alteration in the input i.e. the exclusion of all characters 
for pigmentation except pink and orange. Therefore, the list of 
- characters included were:
1. Pigmentation: Pink.
2. ■ Orange.
3 . Groifth on 7 .5 per cent NaCl,
Production of acid from glucose (aerobic).
5 .. Hydrolysis of gelatin.
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6. Reduction of nitrate,
7 . Production of acetoin.
8. Hydrolysis of arginine.
The inclusion of pink and orange pigments only was because, 
as mentioned earlier, these pigments are the specific characteristics 
of M. roseus and two other species fM. kristinae and M .nishinomiyaensis) 
respectively. In addition, since pink and orange pigmented strains 
were isolated only in small numbers in this study, had biochemical 
properties only been included, these groups might have become 
evenly distributed among others and could be misclassified.
The result of the second run of the CLUSTAN lA programme is 
shown in Figure 5 ; a, dendrogram by Ward's method which, when
compared with the dendrograms by other methods (Furthest Neighbour 
and Group Average) appeared to give the most comprehensible and 
distinctive groupings. Hence, this dendrogram was selected for 
further analysis. It is important to note that pigmentation and 
results of the biochemical test reaction of each biotype is included 
in the Figure for information.
At first sight, the dendrogram falls into two major groups 
of biotypes, A and B. A summary of the test results of the biotypes 
which formed these groups is included in Table 20 . It can be seen
that group A contained 111 biotypes which comprised a total of 
581 isolates of Micrococcus, whereas group B consisted of only 79 
biotypes, with however 1,307 isolates. It thus becomes apparent 
that although group A has a higher number of biotypes (i.e. 58 .^  
per cent), group B has more than twice the total number of isolates 
i.e. 69.2 per cent of the total strains isolated. This points to 
the fact that group A consisted of isolates which were more 
variable in their biochemical properties than those of group B.
From the biochemical test results of the biotypes, it becomes 
evident that group A and B were separated principally on the basis 
of aerobic acid production from glucose followed by the production
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FIGURE 3» Cluster analysis of the I90 biotypes of Micrococcus.
NOTES:
The cluster analysis is by Ward's method based on 
the characteristics of the I90 final biotypes 
reduced by the BIOTYPE programme from 1,888 isolates 
of Micrococcus. In this computer analysis of the 
12 selected test characteristics of the biotypes 
(see Table 17) were excluded. These were 
all characters for pigmentation except pink (test 4) 
and orange (test 3)» namely, yellow (test l), cream- 
white (test 2 ), grayish-white (test 3) ' dnd no 
pigment (test 6),
The tabulation below the dendrogram showing the test 
results of each of the biotypes has been added to 
the Figure for easy comprehension. In this tabulation 
the test features for pigmentation which had been 
excluded are restored. The tests thus reads
Pigment : Y - yellow
G - cream-white 
G - grayish-white P - pink 
0 - orange 
N - no pigment
Reactions + = 99 per cent or more strainspositive.- = 1 per cent or less strainspositive,
Two major dendrogram-defined groups (groups A and B) 
are discerned, which eventually resulted in a total 
of 23 minor ones; group A yielding l4 minor groups 
with 111 biotypes and group B, 9 with 79 biotypes.
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V-
WA*D'S METHOD BIOTYPES TESTS 4. 5, 7  TO 12
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TABLE 20. Suirusaxy of the test properties of the majordertdrogram-defined groups and their derivatives.
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1 2 3 “t . 5 6 ? 8 9 10 11 12
Ho. 65 16 17 4 4 5 109 _94 62 65 50 16 111 581
* %58.5 14.4 15.3 3 .6 3 .6 4 .5 98.1  84.7 55-9 5 8 .6  4 5 .0  14.4 58.4 30 .8
No. 34 19 13 3 2 8 71 _2 53 31 4 12 79 1307%4 3 .0  24.0 1 6 .5 3 .8 2 .5  10.1 89 .8 2 .5  6 7 .0  39.2 5 .0  1 5 .2 41.6 69.2
Al Ko 39 10 11 3 1 4 66 64 32 42 JZ 16 68/v2 . 26 6 6 1 3 1 43 30 30 23 Ü2 0 43
A l.l 30 8 6 3 1 4 50 52 25 27 0 _o 52
A1.2 9 2 5 0 0 0 16 12 7 15 7 16 16
A2.1 Mo‘ 16 5 4 1 3 1 30 22 17 17 30 0 30A2.2 10 1 2 0 0 0 13 Jl 13 6 13 0 13
Al.1.1 Ko 19 4 2 0 0 0 25 25 11 0 0 25A l.l.  2 11 4 4 3 1 4 25 27 _£L 16 0 0 ■ 27
Al.2.1 Ko- 5 1 3 0 0 0 9 7 5 8 IL 9 911:2.2. 4 1 2 0 0 0 7 5 2 7 2 7 7
12.1.1 ko 3 4 4 0 3 0 ]4 14 8 ].4 0 14A2.1.2 13 1 0 1 0 1 16 16 16 9 16 0 16
12.2.1 5 1 0 0 0 0 6 0 6 Ô. 6 0 ■ 6
12.2.2 5 0 2 0 0 0 7 0 7 0 7 0 7
I 11 .1.1a fîo. 10 1 0 0 0 0 11 11 11 11 0 0 11i l . 1.1b 9 3 2 0 0 0 14 14 14 .0. 0 0 14
Al.1 .2a 8 . 2 2 p 0 1 11 13 0 13 0 0 13Ko.A l.l.2b ü ü 0 0 0 3 3 ü ' 3 . 0 0 3
Al .2 .l a , Krp. 1 0 3 0 0 0 4 2 û 3 0 4 ■ 4Al.2.1b 4 1 0 0 0 0 5 5 5 5 0 5 5 1
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t a b l e 20. (continued)
1 2 3 4 5 6 7 8 9 . 10 .11 12
A2.1•la .3 3 1 0 0 0 7 7 0 2 7 0 7
A2.1.1b 0 1 3 0 3 0 7 .7 1 1 7 0 7
A2.1.2a 7 0 0 1 0 1 9 9 9 1 9 0 9
A2.1.2b 6. 1 0 0 0 0 7 7 7 0 7 0 7
B1 26 15 5 2 2 5 47’ 2 . 53 23 0 12 55
B2 8 4 8 1 O' 3 24 0 8 4 0 24
Bl.l 12 7 5 1 2 2 21 2 27 _1 0 0 29
B1.2 14 8 0 1 0 3 26 0 26 22 0 12 26
B2.1 4 0 4 1 0 0 9 0 0 jB 4 0 9
B2.2 4 4 4 0 0 3 15 0 0 Ü 0 0 15
Bl.l.2a 0 0 0 1 1 0 0 Z 3 1 0 0 3
Bl.l2b 3 0 2 0 SI. 0 0 SL 3 0 0 0 5
B1.2.2a 5 1 0 0 0 2 8 0 8 §L 0 8 8
B1.2.2b 2 2 0 0 0 0 4 0 4 0 0 4 4
B2.1a 1 2 0 1 0 0 4 0 0 3 4 0 4
B2.1b 3 0 2 0 0 0 5 0 0 5 0 0 5
Bl.1.1 9 7 3. 0 0 2 a 0 21 0 0 0 21
Bl.l.2 3 0 2 1 2 0 J2 2 6 1 0 0 8
Bl.2.1 7 5 0 1 0 1 14 0 14 14 0 J2 14
Bl.2.2 7 3 0 0 0 2 12 0 12 8 0 12 12
HOTES: Percentages have only been calculated for groups A and B.
Significant differences between pairs of groups axe underlined.
Humber of biotypes yielding a positive reaction. 
Percentage- of biotypes positive.
n n/l
of acetoin. In the first place, 84*.7 per cent of the biotypes in 
group A produced, acid from glucose, aerobically and of those which 
did not, all except two (biotypes 17 and 132, see Figure 5 )
were instead positive for the production of acetoin. In group B, 
except for two biotypes (10 and _$6, which accounted for only 2,5 
per cent of the total biotypes) none attacked the sugar; and only 
5.0 per cent produced acetoin. It is not clear why biotypes 17 
and 132 which were both negative for aerobic acid production from 
glucose and acetoin production, appeared in group A, or why biotypes 
10 and ^6 both of which produced acid from the sugar together with 
biotypes 18, 89, l48 and I03 which were all acetoin positive, 
occurred in group B. It is possible that their classification 
have been influenced by character(s) different from the above.
However, it also appeared that these biotypes consisted of strains 
which are rare and therefore in any case, if one was attempting 
to classify subjectively, it would be difficult to do so with these 
biotypes,
Comparison between groups A and B shows that the isolates 
in group A were more active in their ability to attack glucose 
aerobically and/or to produce acetoin than those in group B. It 
appears to be their variability with respect to other biochemical 
tests which accounts for the larger number of biotypes falling in 
group A.
The biochemical characters of the biotypes as ta.bulated below 
Figure 5 made possible the approximation of a known species of 
Micrococcus for almost all of the biotypes. The species approximations 
were made-subjectively, following the similar procedure used in the 
previous section i.e. by attempting to match the biochemical characters 
of the biotypes with the biochemical properties of established species 
(Kloos et al, 197^ and in Table 4 ) , These approximations led first 
to the construction of Table 21 which compares the occurrence of 
Micrococcus species in groups A and B. Each group contained four 
different species, together with some indeterminates. None of the 
identifiable species occurred in both groups. The four group A
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TABLE 21 Occurrence 
the major
of the different Micrococcus species in
1Dendrogram-defined group:
S P E C I E S A B
No.G %  " No, ' %  '
Micrococcus luteus 0 0.0 35 44.3
M. varians 86 77.5 0 0.0
M . lylae 0 0.0 25 31.6
M, halobius 11 9.9 . 0 0,0
M. kristinae 7 6.3 0 0.0
M. sedentarius 0 0.0 12 15.1
M, roseus 3 2.8 0 0,0
M. nishinomiyaensis 0 0.0 3 3.8
Indeterminate 4 3.6 4 5.1
Total no. of biotypes 111 100.0 79 100.0
NOTES:
The dendrogram-defined groups A and B in Figure 5»
Number of biotypes identifiable as a given 
Micrococcus species or unidentifiable (indeter­minate).
Percentage of the identifiable or unidentifiable biotypes in each group.
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species were Micrococcus varians, M, halobius, M. kristinae and 
M. roseus. The species with the largest number of biotypes was 
M . varians; its biotypes accounted for 77*5 per cent of the total.
M. roseus displayed the least number of biotypes with only 2.7 per 
cent. Group B comprised Micrococcus luteus, M. lylae, M. sedentarius 
and M. nishinomiyaensis. The first two species contained similar 
numbers of biotypes (44.3 and 31*6 per cent respectively).
M. nishinomiyaensis,with 3-8 per cent of the total, was the species 
with the smallest number of biotypes, Indeterminate species were 
present in both groups with similar number of isolates.
From Figure 5 , it was possible to discern semi-subjéctively
23 dendrogram-defined groups, falling in the two major groups A 
and B. This was done by drawing a horizontal line across the 
dendrogram as shown in the Figure. The level at which the line
was drawn was chosen to give a number of groups convenient for
tabulation.
Table 20 compares the various pairs of subgroups indicated in 
the dichotomous plotting of Figure 5 • Each pair tended to differ
absolutely, or almost absolutely, by a single test only. For 
example, subgroups Al and A2 almost consistently differed from each 
other in-acetoin production; all the biotypes in subgroup A2 
produced acetoin and only 10 per cent of subgroup Al biotypes showed 
this ability. In subgroups Al.1 and A1.2, A2.1 and A2.2 the differences 
were absolute; subgroup Al.l biotypes did not hydrolyse arginine
whereas all biotypes of A1.2 did so; the A2.1 biotypes all produced
acid from glucose aerobically, none of the biotypes in A2.2 were 
positive for the test. All these differences formed the basis for 
the separation of the subgroups which eventually resulted in 23 
dendrogram-defined groups. Although the results of the comparison 
between these subgroups are interesting, these findings were 
inexplicable and no further comment can be made.
Table 22' summarizes the different properties of the 23 
dendrogram-defined groups and also gives their species approximations. 
It seems likely that the difference in number of biotypes in the
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TABLE 22. Dendrogram-defined groups; properties and species 
approximation of biotypes.
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§i0 O
11
0i
12
SPECIES
APPROXIMATION
1 11 Vio Vi - - - - + + +. + - -2 14 Ve Vs Yz - - - + + + - - —’ • ■ rve Yz Yz + +' +3 13 U - - — + — — —4 3 - - - + - - + + — + -
5 11 Ym Va Va - Vi Vi + + - - - -
r- - + - - - + - - - - +6 4 + - - - - - + - - + - +l- - + - - - + + - + - +7 5 % Vi - - - - + + - +'Vj Vi Vi - - - + + - + + +
8 7 - + - - - - + - - + + +— — + — — — + - + + + +,+ - - - - - + + + + + +
9 7 % Vs Vi - - - + + - + + -Vi Va - - - + + - - + -
10 7 . - “■ - - + - + + + “■ + ~— — — — + — + + - — + -- - - + - + + — + + —11 9 - - Vi - Vi + + + + + -12 7 Ya Vi - - - - + + + - —13 6 Vs Vi - - - - + - + + + -14 7 Vs - Yz - - - + - + - + -
15
16
1718 19
M. varians
M. roseus 
M. halobius
» Indeterminate.
? M. varians
"M. kristinae
>-M. varians
21
3
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V,{:+
Vy % — — Yz + — + — — —
— Vi Vi —
B 2 0 4
2 1 . 4
2 2 5
23 15
+
Vs - Vi - Vi + - + + - —
Y - - - Yz + - + + -
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M. luteus
M. nishino- miyaensis
M. lylae
M. luteus
M. sedenta--. rius
 ^Indeterminate
>M. lylae
NOTES:
Test reaction: + =
V =
All biotypes positive.
None of the biotypes positive.
Variable (the number represents the number of biotypes positive).
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major groups (A and B, see Table 20 ) must have affected the
total number of dendrogram-defined groups found in both of them 
i.e. group A which included the larger number of biotypes had a 
total of l4 dendrogram-defined groups whereas group B had only 9*
From the species approximations, which were based on the test 
properties of the biotypes, it becomes apparent that 10 of the 
dendrogram-defined groups in group A have been identified as 
Micrococcus varians and the rest of the groups were each identified 
as a different species of Micrococcus viz. M. roseus, M. halobius 
or M. kristinae or were indeterminates. Although, within group A,
M . kristinae displayed four different sets of biotype properties 
and the indeterminates showed three, it is clear that M. varians 
was the most variable species. It appeared to form three main 
groups; the first consisting of dendrogram-defined groups 1, 2 
and 3, and the second 7 and 8, and the third 9, 11, 12, 13 and l4.
The first group differed from the second and third principally in 
lacking the ability to produce acetoin. The second differed from 
the other two in its ability to hydrolyse arginine.
In group B, each identifiable species seemed to exhibit two 
slightly different properties and formed one group only except for 
M . lylae which showed four sets of biotype properties and formed 
four dendrogram-defined groups (17, 18, 22 and 23), M. luteus with 
two sets of biotype properties, placed into two different groups 
(15 and 19). Therefore, in group B, M . lylae appeared to be the 
most variable species.
In analysing the properties of the Micrococcus species isolated 
in.this study it was considered necessary to include Table 23 which 
shows the overall test properties of the different species, as 
compiled from the various isolates. This was felt to provide more 
accurate information regarding the species than the properties 
derived from the biotypes. '
From Table 23 , it thus becomes possible to describe the
major characteristics of the groups of micrococcus isolates which
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TABLE 23. Overall properties of the species of Micrococcus isolated.
8n
. i
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- P i g m e n t  : I
.51 11 11 11 1E1< Iigi 1ë ' f 1 iR
M. luteus l,c*7 No. 840 187 12 1 0 7 1047 0 104? 178 0 00% 80.2 17.9 1.1 0.1 0.0 0.7 100 0.0 100 17.0 0.0 0.0
M. varians 440 No. 380 4o 16 2 0 2 437 393 363 252 123 24% 86.3 9.1 3.6 0.5 0.0 0.5 99.3 89.8 32.5 57.3 28.0 5.3
M. lylae 212 No. 42 9 107 0 0 34 199 0 , 10 48 0 019.8 4.2 50.5 0.0 0.0 23.3 93.8 0.0 4.7 22.6 0.0 0.0
M. halobius 88 No. 5 11 46 0 1 23 88 88 0 0 0 0% 5.7 12.5 32.3 0.0 1.1 28.4 100 100 0.0 0.0 0.0 0.0
M . kristi- 42. No. 0 2 22 0 18 0 42 42 3 9 33 0naj % 0.0 4.8 52.4 0.0 42.8 0.0 100 100 11.9 21.4 78.5 0.0
H. sedenta­ 34 No. 15 17 0 0 0 2 34 0 34 22 0 34ring % 44.1 50.0 0.0 0.0 0.0 3.9 100 0.0 100 64.7 0.0 100
M. roseus 4 No. 0 0 0 4 0 0 4 4 0 4 0 0% 0.0 0.0 0.0 100 0.0 0.0 100 100 0.0 100 0,0 0.0
H. nishinçT mivaensis 7 No. 0 0 0 1 6 0 0 2 7 3 0 0% 0.0 0.0 0.0 14.3 85.7 0.0 0.0 28.3 100 71.4 0.0 0.0
Indeter­minate -.3.4
No. 2 0 8 4 0 0 14 3 0 10 9 5
% 14.2 0.0 57.1 28.6 0.0 0.0 100 21.4 0.0 71.4 64.3 35.7
NOTES:. Number of strains of a given species yielding positive result. 
Percentage of strains positive.
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exemplified the various species of Micrococcus found in this study. 
For convenience these characteristics are further simplified in 
Table 24 .
Micrococcus varians
The majority of isolates of this species were yellow-pigmented. 
All strains grew on 7.5 per cent NaCl. Almost all (89.8 per cent 
produced acid from glucose aerobically. Gelatin was hydrolysed 
by 82.5 per cent of the strains. Only 57«3 per cent reduced 
nitrate and 28.0 per cent produced acetoin. All except 24 strains 
(5 .5 per cent) were negative for arginine dihydrolase.
Micrococcus luteus
Isolates were mostly (80.2 per cent) yellow-pigmented and 
a few (17.9 per cent) were cream-white. All strains grew on 7*5 
per cent NaCl and hydrolysed gelatin. They were all negative for 
aerobic acid production from glucose, acetoin production and arginine 
dihydrolase. Some of the strains (I7 .O per cent) reduced nitrate.
Micrococcus lylae
Most of the strains were grayish-white or did not produce 
pigment. Only 19,8 per cent were yellow. Almost all strains grew 
on 7 .5 per cent NaOl. Nitrate was reduced by 22.6 per cent of the 
strains. They were negative for the production of acetoin and 
arginine dihydrolase.
Micrococcus halobius
Strains of this species were mainly grayish-white or 
produced no pigment. All grew on 7«5 per cent NaGl and produced 
acid from glucose aerobically. None of the strains were positive 
for gelatin hydrolysis, nitrate reduction, acetoin production or 
arginine dihydrolase.
131
TABLE 24. Abbreviated overall properties of the species of Micrococcus isolated.
Strains 
identified as:
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Micrococcus luteus V V - - - - + - + V -
M, varians + + + V V V -
M. lylae V - V - - V + - - V - -
M. halobius - - V - - V + + - - - -
M . kristinae - - V - V - + + - V V .-
M. sedentarius V V - - - - + - + V - +
M. roseus - - - + - - + + - + — -
M. nishinomiyaensis - - - - + - - V - V - -
Indeterminate - V V - - + V - V V V
NOTES:
Test reaction: + =
V =
85 per cent or more strains positive.
15 per cent or less strains positive.
16 to 84 per cent strains positive.
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Micrococcus kristinae
Most of the isolates produced grayish-white or orange 
pigment. All grew on 7.5 per cent NaGl produced acid aerobically 
from glucose. Acetoin production w'as found in 78*5 per cent of 
the strains and nitrate reduction in only 21.5 per cent. Nearly 
all the strains failed to liquefy gelatin and all were negative 
for arginine dihydrolase.
Micrococcus sedentarius
The pigment produced by strains of this species were mainly 
cream-white and yellow. All grew on 7*5 per cent NaGl as well as 
hydrolysed gelatin and arginine. 64.7 per cent of the strains 
reduced nitrate. None had the ability to produce acid from glucose 
aerobically or acetoin.
Micrococcus roseus
Strains of this species were all pink-pigmented, grew on 
7.5 per cent NaGl, produced acid from glucose aerobically and 
reduced nitrate'. None of the strains hydrolysed gelatin or 
arginine, or produced acetoin.
Micrococcus nishinomiyaensis
All strains of the species except one produced orange pigment, 
All failed to grow on 7.5 per cent NaGl, produce acetoin, or 
hydrolyse arginine. Gelatin was liquefied by all the strains;
71.4 per cent were positive for nitrate reduction, and only 28.5 
per cent attacked glucose aerobically.
Indeterminates
Isolates were mainly (57-1 per cent) grayish-white or pink 
(28.6 per cent). All grew on 7-5 per cent NaGl, but failed to 
hydrolyse gelatin. They varied in all other tests e.g. 71.4 per 
cent reduced nitrate, 64.3 per cent produced acetoin. Only a few
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were positive for arginine dihydrolase or aerobic acid production 
from glucose (35*? per cent and 21.4 per cent respectively).
3 .4 , Cluster analysis of the individuals
At this stage, it appeared that success had been reached in 
establishing an improved scheme for the classification and 
identification of those species and groups of Micrococcus to be 
found on human skin, at least of the face and abdomen. It thus 
became possible to analyse the 100 individuals examined in the 
survey on the basis of the spectrum of Micrococcus species (groups 
and subgroups) isolated from them. It was thought to be of interest 
to examine certain ecological aspects of the occurrence of these 
organisms on the skin surfaces of the population studied, in 
particular whether the occurrence of the different micrococci was 
completely random or whether some forms occurred more commonly than 
others, whether there were any associations in which certain forms 
tended to accompany certain others, and whether there were any 
common and characteristic spectra of micrococci. Moreover, since 
there were at least two major differences which might have affected 
the results i.e. sex of the individuals and sites of isolation 
(face and abdomen), the possible effect of these factors should be 
examined. It was decided to attempt to use cluster analysis of the 
100 individuals themselves, according to their Micrococcus profiles, 
to discover whether they fell into groups which displayed a 
characteristic micrococcal flora. It was thought that cluster 
analysis had not hitherto been used for this kind of purpose, and 
the study would be of additional interest.
3 .4 .1 . Data employed in cluster analysis
Tables 25- and : ,26 show a detailed adcount of the Micrococcus 
groups and subgroups isolated in the survey of the 100 individuals 
from face and abdomen respectively. It may be recalled from the 
section on isolation of the Micrococcaceae (Materials and Methods, 
Section4 .3 ) that a crude differential isolation count of the 
Gram-positive, catalase-poSitive cocci (the Micrococcaceae) was 
carried out in order to gain an impression of the relative frequency 
of the different forms. This had been done by selecting 20 colonies
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of Micrococcaceae growing on the plate culture from either the 
face or abdomen of each individual,. In Tables 25 a,nd 26 , 
the entries represent the number of isolates of the particular 
Micrococcus group or subgroup; they do not add up horizontally in 
every case to 20 since staphylococcal isolates are not included.
It should be noted also that in the previous section 
(Section 3*3») all 1,888 Micrococcus isolates have been classified 
into 23 dendrogram-defined groups which also included 12 subgroups, 
thus resulting in 35 major and minor groups altogether. The presence 
or absence of these 35 Micrococcus groups was used as the basis
for the first cluster analysis of the 100 individuals, and this will 
be discussed in the following section. Details of the groups -and
subgroups are given in the column headings of Tables 25 and êé' .
It can be seen from these Tables that the commonest Micrococcus 
groups or subgroups isolated from either the face or abdomen of the 
100 individuals were Micrococcus group 15 and subgroup l8a, both of 
which had been recognized as Micrococcus luteus (see Section 3i3 )>’ 
Micrococcus groups 1 and 2 (M. varians), Micrococcus groups 22 and 23 
(M. lylae), and Micrococcus subgroup 5a (M. halobius). On both the 
face and the abdomen of these individuals Micrococcus group 15 was 
the most abundant among the Micrococcus types as judged by their 
mean differential colony count, followed, in descending order of 
the mean count, by types l8a, 1, 23 and 5a on the abdomen; types 23, 
2, 18a and 1 on the face. Apart from this discrepancy in the order 
of abundance there were only a few differences between the face and 
the abdomen ; Micrococcus subgroup 10b was not isolated from the 
abdomen but was found to occur on the face of 7 of the 100 
individuals examined with a mean differential colony count of 1.3. 
Micrococcus group 15 had a higher incidence rate (72) on the 
abdomen than on the face (58) although the mean differential colony 
count was only 3*9 compared to 5*8 in the latter. This mean colony 
count (5 .8) of Micrococcus group I5 was the highest of all among 
the Micrococcus types isolated from both face and abdomen of the 100 
individuals.
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Table 27 shows the number of individuals yielding various 
number of different Micrococcus groups or subgroups. It thus 
becomes clear that the individuals ranged from those not yielding 
a single Micrococcus group or subgroup to the one individual 
yielding (from the face only) a maximum total of 9 different 
Micrococcus groups and subgroups. The commonest group comprised 
those (29 individuals) yielding 2 Micrococcus types each, from 
both face and abdomen, followed by a slightly less common group of 
individuals each yielding 3 Micrococcus types (22 individuals 
yielded from the face and 26 from the abdomen). Micrococci were
not isolated at all from the face of 12 individuals or from the
abdomen of 6 individuals. This means that, since in every case 
20 colonies were picked-off, there must have been heavy 
colonization of these sites by other organisms (staphylococci of 
various forms)' and this was indeed the case. It is of interest 
that this heavy colonization with the exclusion of micrococci was
twice as common on the face as on the abdomen. In two individuals
(10, 37 and 55) micrococci were absent from both face and abdomen.
3 .^.2 , The results of the first cluster analysis, based on 
presence or absence of Micrococcus groups/subgroups, 
face and abdomen combined
Figure . 6 is the dendrogram resulting from cluster analysis 
of the 100 individuals on the basis of presence or absence of the 
35 major and minor Micrococcus groups mentioned earlier (i.e. 23 
dendrogram-defined groups with 12 subgroups derived from them).
In the data input for this computation,results for face and 
abdomen were combined, i.e. the analysis was based on isolation, 
irrespective of whether this was from the face, the abdomen, or 
both sites. The dendrogram was that obtained using Ward's method 
of clustering.
The analysis could, of course, have been carried out using 
the 23 dendrogram-defined groups only, but it was thought best to 
use the greater amount of information which would be afforded by 
including the subgroups as well.
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Figure 6 shows 4 major groups of individuals. Although 
they could have been divided further into smaller groups it was 
considered not worthwhile doing so since the 4 dendrogram- 
defined groups appeared to be reasonably compact and each 
comprised an almost evenly distributed number of individuals viz,
27, 22, 24 and 27 respectively.
The tabulation given below the dendrogram of sex and occurrence 
of various Micrococcus species is mainly,for convenience and will 
be analysed in a later section. However, a few points were worthy 
of comment. Micrococcus luteus was present in the majority of the 
individuals of each of the 4 groups, including every individual in 
group 4. Micrococcus lylae was present in all except one of the 
group 3 individuals and in half of the group 4 individuals, but was 
much less common in groups 1 and 2. Micrococcus halobius was present 
in somewhat under half of the groups 2 and 3 individuals, being less 
common in those of groups 1 and 4. The frequency of occurrence 
of the species was closely comparable with that found by Kloos 
et al. (1974) and the corresponding data for both the surveys is 
given in Table 28
It should be noted from this Table that the species have 
been arranged in descending order of frequency of occurrence except 
for the indeterminates. The results of Kloos et (1974) were 
derived from the isolation of Micrococcus species from six different 
sites viz. forehead, cheek, apex of the axilla, hairy portions of 
arms and legs, and anterior nares of 115 individuals. The first 
three species M. luteus, M. varians and M. lylae seemed to follow 
similar order of frequency with almost exact percentages of 
occurrence respectively; M. sedentarius also showed a very similar 
frequency of occurrence in both cases although there were twice as 
many M. kristinae, about five times M. nishinomiyaensis and seven 
times M. roseus in the study by Kloos et al, (I974), M. halobius 
was however not included in' their report although it was isolated 
from 28 per cent of the individuals in the present study.
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TABLE 28, ' E'requency of occurrence of the Micrococcus species 
(isolated from face, abdomen or both site^of the 100 individuals compared with the results of Kloos 
al. (1974).
SPECIES
Micrococcusluteus
M. varians
M. lylae
M. halobius
M. kristi­nae
M. sedenta­rius
M. nishino­miyaensis
M, roseus
Indetermi­nates
Percent individuals yielding the species;
The present study
82
70
46
28
13
10
3
2
3
Kloos _et al. (1974)
90
73
33
23
13
28
13
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Table 29 gives a detailed account of the occurrence of 
Micrococcus species (groups and subgroups) in the 4 dendrogram- 
defined groups of individuals. The entries (+) indicate the 
presence of a particular Micrococcus group or subgroup irrespective 
of the isolation sites whether it was from the face, the abdomen 
or both of the 100 individuals. This Table also formed the basis 
for the construction of the tabulation in Figure 6. which however, 
did not take into account the various Micrococcus groups and sub­
groups, being concerned with recognized species only. Nevertheless, 
as mentioned earlier, this will be discussed in a later section.
The results in Table 29 are summarized in Table 30 which also 
includes the percentages of individuals in each dendrogram-defined 
groups of individuals with a particular Micrococcus group or sub­
group . These percentages have been used in the construction of 
Figure 7 which is a diagrammatic representation of the results.
There are a number of interesting points evident in Table 30 
For example, M. varians group 2 was found in 17 out of 22 individuals 
(77 per cent) of the dendrogram-defined individual group 2 whereas 
in the remaining 3 groups of individuals the frequency for this 
Micrococcus group was somewhat lower (22, 29 and 26 per cent 
respectively). M. luteus was present in all 4 groups of individuals;
M . luteus group 15 occurred with high frequency in each group (66 
to 91 per cent); M . luteus subgroup l8a was also present with high 
frequency in group 4 and in somewhat under half of the group 2 
individuals but was isolated only once from individuals of groups 1 
and 3 respectively, M. lylae group 23 was absent from all 
individuals of group 1 and all save one individual of group 2; however, 
nearly all group 3 individuals yielded this organism, together with 
slightly more than half of group 4 individuals. Both M. lylae group 
22 and M. lylae group 23 occurred in group 4 individuals, though with 
lower frequency; M. lylae was hardly isolated at all in groups 1 
and 2 individuals. Thus it was evident that M. lylae group 23 was 
the predominant form of this species, especially in groups 3 
individuals. M. halobius subgroup 5a was found to occur in groups 
2 and 3 individuals with an almost similar frequency (46 and 42 per 
cent respectively); it was less common in groups 1 and 4.
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TABLE 30 . ' Incidence of the Micrococcus dendrogram-defined groups and sub­groups from both sites (face and abdomen) of the 100 individuals 
in the dendrogram-defined groups of individuals.______ '
Micrococcus CSOIP OF INDIVIDUALS;
dendrograjii- 
d e fin e d  group 
and subgroup;
SPECIES
APPROXIMATION (22) ‘ • (27)
Ko. No. W.425.9
22.2
9.177.3
4.6
29.2
29.2  25.0
4,6
12.5
4.2Micrococcus
varians
16.7
12.5
3.7 
11.13.7
16.7 7.4
22.2
14.8
27.3
4.2
66.6  
3.7 70.84.2M . luteus 92.63.718: 4.6
4.6 
18.2
4.6
3.7
M. lylae
95.10 10M . halobius
18.227.33.710 H . kristinae 4.2
8 .33.7 9.1 3.7
M . roseus 8 .3 3.7
M. nishino-
3.7Indeter­minate 3.7
8 .3
Groups of individuals^Computed using face an! abdomen combined*
*Numbers in brackets - no. of individuals in each group of individuals 
3 Number of individuals WITH Micrococcus. group or subgroup.
< per cent of individuals with group or subgroup.
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FIGURE y, Diajramjnatic representation of the incidence of Micrococcus group and subgroup isolated from both face and abdomen in dendrogram-defined groups of 100 individuals.
GROUP 1100
20 O
GROUP 2100
20- O J
GROUP 3100
80
20
GROUP 4100'8060-
40-20
10
Micrococcusvarians H. lylae
NOTE: The percentages used in constructing this Figure are takenfrom Table 30 .
147
Although a certain amount can he found and discussed from 
Tables 29 and 30 alone Figure 7 reveals as well as emphasizes 
the main features of the results in these Tables in a more readily 
comprehensible form than the Tables*
In Figure 7 the most striking feature again emerges as 
the occurrence of Micrococcus luteus in all 4 dendrogram-defined 
groups of individuals with a minimum frequency of not less than 
60 per cent. Group 15 of this organism predominated in all groups 
of individuals save group 4 in which M. luteus 18a was slightly 
more frequent. This latter form (l8a) was present in lower 
frequency in group 2 individuals and was virtually absent from groups 
1 and 3. M. lylae group 23 was the predominant isolates from group 
3 individuals. In individuals of group 2, M. varians group 2 was 
the second most abundant form, after M , luteus. M. halobius sub­
group showed an incidence of more than 40 per cent in groups 2 
and 3 individuals, but was not a feature of groups 1 and 4,
It thus became apparent that the cluster analysis of the 100 
individuals had resulted in 4 dendrogram-defined groups of 
individuals the composition of these groups being basically 
determined by the frequency of occurrence of certain micrococci only, 
in particular, M . lylae group 23, M. halobius subgroup 5a, M. varians 
especially of group 2 and possibly M . luteus subgroup l8a. Hence, 
these were the species, groups and subgroups which were of greatest 
importance in defining the Micrococcus profile of the individuals 
examined.
Figure ,8 has been constructed from the percentage values 
given in Table 31 and can be read in conjunction with the tabulation 
in Figure 6 ; this now confirms that not only was Micrococcus luteus
found in all 4 dendrogram-defined groups of individuals but also in 
high frequency, from slightly more than 6o per cent in group 1 to 
100 per cent in group 4 individuals. M. luteus was the predominant 
species on both sites of the individuals particularly in groups 2 
and 4, The second most frequent was M. varians which ranged from
l48
TABLE 31. Incidence of Micrococcus species (irrespective of 
dendrogram-defined groups) on either site (face or 
abdomen) in the four dendrogram-defined groups of individuals.
SPECIES
APPROXIMATION (27)No^
GROUP OF INDIVIPg/iLS2
(22)
No. %
3
(24)
No. %
4
(27)No •
To tal 
n o ,0 f I
/ strain' Iso­lated
Micrococcus
varians
M. luteus
K. lylae
M. halobius
i'l* iirrsurnae
M. seden- 
tarius
M. roseus
M. nishino- 
mlyaensis
Indeter­minate
20
18
74.0
66 .7
7 .4
18.3
3 .7
3 .7
Q.O
7 #4
3 .7
18
20
10
0
81.8
90 .9
87.5
4 5 .6
40 .9
9.1
0.0
0.0
Q.O
14
1 7
23
11
58.3
7 0 .8
9 5 .8
45 .8
18
27
37
12.
1 2 .5
8.3
4 .2
1 2 .5
66 .7
100.0
62*9
7 .4
1 4 .8
0*»0
7.4
3.7
70 .
82
48
28
13
10
NOTES; ^en. several strains of a species were isolated from a given 
individual, this was counted as a single isolation of that species for the purpose of this Table.
Numbers in brackets —  number of individuals in group,
® Number of individuals yielding the species.
® Per cent (individuals yielding the species) of total number of individuals in each group.
In this Table, data for face and abdomen are combined.
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FIGURE 8, Dlagra-rtimatic representation of the incidence 
of Micrococcus species isolated from either face or abdomen in dendrogram- defined groups of 100 individuals.________________ _
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a little under 60 per cent (group 3 individuals) to slightly over 
80 per cent (group 2), although it. should he recalled (Figure 7 )
that, of the I5 different groups and subgroups of M. varians, 
only group 2 exceeded the 50 per cent incidence level (this being 
in the group 2 individuals). The high percentage incidence for the 
species as a whole is made up by the generally less frequent 
occurrence of the remaining • l4 groups and subgroups. Despite 
being the second highest in frequency in 3 of the 4 groups of 
individuals, M. varians was the predominant species in group 1.
M . lylae presented a more varied incidence among the 4 groups of 
individuals ranging from 7 per cent in group 1 to- 96 per cent in 
group 3, where it was the predominant species isolated. It seems 
likely that this species (M . lylae) played an important part in the 
clustering of the 100 individuals together with M . halobius whose 
frequency of occurrence was from 7 per cent in group 4 to 46 per 
cent in groups 2 and 3* The remaining species viz. M . kristinae.
M. sedentarius, M. roseus, M . nishinomyaensis as well as the 
indeterminates were less common among the 100 individuals examined.
The cluster analysis of 100 individuals which resulted in 4 
dendrogram-defined groups of individuals was based solely on the 
occurrence of the 35 major and minor Micrococcus groups and took no 
account of the sex of the individuals. The data concerning this 
were merely included in Figure 6- as additional information.
Table 32- summarizes the distribution of the sexes in the 4 groups 
ans shows there was little difference between the number of males 
and females in groups 1 and 3 , However, in groups 2, 18 out of 22 
individuals (81.8 per cent) were males ; whereas in group 4, the 
reverse occurred i.e. there were more females (I9 out of 27 or
70.4 per cent) than the males. Using Yate'sCXp-test, it was found 
that the probability of this distribution occurring by chance was 
less than O.05. Since M. halobius and M. kristinae were both 
characteristic of group 2 individuals and occurred hardly at all in 
group 4, this suggested that these two species must have been 
commoner on the skin of males than females, and this was further 
investigated.
] ^
TABLE 32. Total number and percentages of males and females 
in dendrogram-defined groups of individuals0 ■
GROUP 
OF i INDIVI- _pUALS
M A L E F E M A L E
TOTAL
zNb. • No • %
1 12 44*4 15 5 5 .6 27
2 . 18 31.3 4 18.2 22
3 12 30.0 12 30.0 24
4 8 2 9 -6 19 70 • 4 • 27
* Groups..: as defined by the dendrogram ( Figure 6 )
irrespective of sites of isolation (face or abdomen),
^Number of individuals in group*
^Percentage of males or females in'each'group*
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Table 33 gives an account of the occurrence of M . halobius 
and M. kristinae in both sexes of the 100 individuals, and confirms 
that the two species, M. halobius (36 per cent incidence) and 
M. kristinae (22 per cent) were commoner on the skin of males than 
females (with the incidence of M. halobius and M. kristinae of 20 
per cent and 4 per cent respectively). It should be noted however 
that the probability of this distribution occurring by chance was, 
by Yate'sXÎ" - test, greater than 0,1 and the difference between 
males and females is thus of a low order of statistical significance.-
3 .4 .3 . Results of the second cluster analysis, based on differential 
counts of Micrococcus groups/subgroups, face and abdomen 
combined
The first cluster analysis was based solely on the presence 
or absence of the 35 n^ ajor and minor groups of Micrococcus on the 
face and abdomen of the 100 individuals. This, however, did not 
take into account the differential colony counts of the Micrococcus 
groups which would provide additional detailed information 
particularly with respect to the relative abundance of these groups 
on either site or both of each individual examined; and perhaps 
provide a more precise Micrococcus profile of each of the 100 
individuals studied. Therefore, it was considered necessary to 
include the full account of the results given in Tables 25 and 
26 since these were used as the basis for the second cluster 
analysis of the individuals.
Figure 9' shows the results of the second cluster analysis; 
it is a dendrogram derived by Ward's method. This dendrogram, although 
appearing to produce better groupings than those yielded by other 
clustering methods (Furthest .Neighbour and Group .’Average), seemed to 
be less satisfactory than the previous one (Figure 6 ■ ), The 
groupings were not well defined and difficulty was experienced in 
attempting to determine the proper position of the horizontal line 
to differentiate groups. Secondly, the horizontal line as drawn in 
the Figure, which was thought to be at the most appropriate level
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TABLE 33» Incidence of Micrococcus halobius and Micro­
coccus kristinae in both sexes of the 100 in­
dividuals, irrespective of sites of isolation
S P E C I E S
M A L E F E M A L E
No.^ No. %
M. halobius 18 36 10 20
M* kristinae 11 22 , 2 4
Total number yielding the species.^Per. cent of a total of 50 male or 50 female individuals.-
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for distinguishing groups, only managed to identify one numerically 
large group (group 2) comprising 44 individuals. The remainder 
fell into various small groups which contained individuals ranging 
from a maximum of 8 (in group 3) to 1 individual per group in I9 
different groups. In all, there were 27 groups of individuals. The 
'staircase* appearance of this dendrogram suggests a normal pattern, 
of distribution within the population with respect to the differen­
tial counts of the Micrococcus groups and subgroups. The large group 
of individuals (group 2) at the left hand side of the dendrogram 
represents something like the norm, with increasingly rare forms as 
one scans the dendrogram towards the right hand side.
Although this finding was less interesting than the observation 
which could be made from the previous dendrogram, a detailed account 
of the various groups of individuals as defined by the horizontal 
line is given in Table 34* . The Table shows the total number of
isolates of each Micrococcus group/subgroup, together with the mean 
differential colony counts calculated from only those individuals 
which yielded positive culture. It can be seen that there were 27 
dendrogram-defined groups of individuals. Group 2 contained the 
largest number of individuals (4^ f) followed by:
Group 3 (8 individuals
7 (7
8 (6
9 (6 
" 11 (4
1 (3 
" 15 (3
The remaining I9 groups each consisted of only 1 individual.
Group 2 was mainly characterized by the presence, in great 
aboundance, of M. luteus group I5 on both the face (a total of I8O 
isolates were obtained) with a mean differential colony count of 
6.4- and also on the abdomen (259 isolates were obtained) with a
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TABLE 34. Total number of isolates of each Micrococcus group 
and subgroup, mean differential colony counts from 
individuals yielding a positive culture on either face or abdomen.
NOTES:
No. - Number of individuals yielding a 
positive culture.
TOTAL- The total number of isolates of 
Micrococcus groups and subgroups 
yielded by individuals with a positive culture.
Mean - Mean differential colony counts of the isolates.
Absence of a record indicates no isolation,
F
A
face, 
abdomen.
Entries in this Table are derived from the data given in Tables 25 and 26.
 ^ K M
5*0 5 Ni*!
1,0 »wJ w
1*0 H-" M
2.0 M1.0 ^ 1*0 ^ N
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■ 158
mean count of 3.4. M. lylae group 23 was present on the abdomen 
of 12 out of the 44 individuals with a mean colony count of 3»5*
M. varians groups 1, 2 and subgroup 3a were also isolated from both 
sites fairly frequently and abundantly (mean differential colony 
counts of 2.7, 2.4 and 1.7 from the face and 3*2, 1.9 and 1.8 from 
the abdomen). Although Table 35 summarizes the characteristics 
of the other 26 groups of individuals, it is not considered worth­
while discussing them, since they consisted of relatively smaller 
numbers of individuals compared with group 2; and their validity 
is questionable.
Table 35 is a summary comparing the results for group 2 
(44 individuals) with those for all of the remaining 58 individuals 
combined.. This was done in an attempt to throw further light on 
the Micrococcus profile of the group 2 individuals. In fact, it 
adds little to the information which can be extracted from the 
previous Table except to show that the large group 2 was characterised 
by an absence of the rarer groups and subgroups, and also the 
indeterminates.
3 .4 .4 . Results of the third and fourth cluster analyses, based on 
differential counts of Micrococcus groups/subgroups, face 
and abdomen separately
In the previous section, the full results given in both 
Tables 25'' and -26 were used in the second cluster analysis of the 
loo individuals. It was then decided to analyse the data 
separately i.e. by employing the full results of the differential 
colony counts of Microooccus groups and subgroups isolated from 
either the face (Table 25 ) or the abdomen (Table 26 ).
The purpose of these analyses was mainly to compare the two 
sites with respect to their Micrococcus profile. The main difference 
in the two sites lies in the face being more exposed to the outside 
environment than the abdomen which is covered most of the time by 
clothing particularly in cold weather conditions. It was therefore 
considered of interest to examine the Microooccus profile of these 
two sites.
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TABLE 55* CompariBon between üie incidence and relative abundance of Microooccus species (groups and subgroups) in dendrogram-defined group 2 and the remaining groups of 100 individuals.____
S P S GROUP OP INDIVIDUALS iB G I E ssi 2 O T H E R SGroup/subgroupi No, TOTAL Mean No. TOTAL Mean
1 FAB
9
6
24
19
2.7
3.2
12
15-
35
55
2.9
3.7
2 PAB
8
10
19
19
2.4
1.9
12
14
55
54
4.6
3.9
a PAB
6
5
10
9
1.7
1.8
6
9
6
19
1.0
2.1
3
b FAB
‘ 1
1
3
1
3.0
1.0
Id 7 PAB
3
1
5
1
1.6
1.0
hId>
P
AB
2 y 4.5
8
b PAB 1 1 1.0
uoo
c PAB
1 1 1.0
MO d
P
AB
1 1 1.0
•HS 9 PAB
5
3
9
4
1.8
1.3
11
a PAB 2 4 2.0
6
6
6
13
1.0
2.2
b PAB
1 2 2.0
12 PAB
3 7 2.3 6
3
12
3
2.0
1.0
13 PAB
2
4
5
4
2.5
1.0
14 PAB
1 1 1.0 2
4
6
10
3.0
2.5
iADLiCi
j
£
-15 FAB
28
33
180
259
6,4
7.8
30
39
l46
256
4.9
6.5
• IB
a PAB
9
14
27
48
3.0
3.4
12
15
38
67
3.2
4.5
b FAB
1
1
2 
8 '
2.0
8.0
17 •
a ‘ F AB
2
1
5
1
2.5
1.0
1
E
b PAB 1 3 3.0
22 FAB
2
5
2
6
1.0
1.2
5
10
5
12
1.0
1.2
23 fAB
4
12
6
42
1.5
3.5
10
15
12
23
1.2
1.5
£U
haloblus
a FAB
6
5
13
7
2.2
1.4
13
8
28
8
2.2
1.05
b FAB
1
1
1
3
1.0
3.0
iL
kristlnae 10
a FAB ] 1 1.0
3
3
6
7
2.0
2.3
b FAB
2 2 1.0 5 7 1.4
H, seden- 19
F
AB
1 1 1.0 5
3
15
3
3.0
1.0
tarius 20 PRB
2 2 1.0 2
2
4
7
2.0
3.5
M. roseus 4 FAB
2 2 • 1.0
üî.nishlno-nlyaensls 16
P
AB
2
3
2
3
1.0
1.0
1
a PAB 1 2 2.0
6 b PAB
1 1 1.0
c PAB
1
1
5
5
5.0
5.0
21
a FAB
1
1
1
1
1.0
1.0
b FAB 2 5 2.5
NOTES: (Refer to Table 34), FAB faceabdomen
I6l
Figures 10 and 11 show the results of the third and fourth 
cluster analyses respectively. Both dendrograms, which were derived 
by Ward's method, were selected not only because this clustering 
method yielded better grouping than others (as it often did in this 
study) but also so that they would be comparable with each other 
and with the previous dendrogram. Although at first sight these 
dendrograms appeared to differ one from the other, further scrutiny 
suggested that they in fact yielded similar results; both comprised 
a single group with a large number of individuals and various other 
smaller groups. The 'staircase* appearance is quite distinct in 
both cases, (however more so in the dendrogram for the abdomen than 
the face) which suggests a normal pattern of distribution within the 
population with respect to the different counts of Microooccus groups 
and subgroups from either site respectively.
It is therefore unlikely that the Micrococous profile on the 
face differed very greatly from that on the abdomen of the 100 
individuals. If this were found to be true of the skin sites other 
than the face and the abdomen, it might suggest that the overall 
distribution profile of Microooccus biotypes does not differ greatly 
over the body surface although the total counts might differ widely. 
However, face and abdomen were the only sites studied, and in any case 
100 individuals is a small number on which to base conclusions. No 
further comment can be made with respect to general comparison 
between the two dendrograms. However, there were a number of 
interesting points which could be found from detailed scrutiny of 
the results of the cluster analyses for either the face or the abdomen.
A. Results for the face
From Figure 10 , it is possible to discern semi-subjectively
13 dendrogram-defined groups of individuals by drawing a horizontal 
line at the similarity coefficient of 5.482. These groups included 
one large group (group 3) with a total of 75 individuals; the 
remaining 12 groups were numerically small, ranging from 1 to a 
maximum of 7 individuals as follows:
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Group 7 (7 individuals)
" 1 (6 " )
” 5 (2 ” )
" 9 (2 " )
Groups 2, 4, 8, 10, 11, 12 and 13 each consisted of orly 1
individual.
Table 36; s'hows the characteristics, of the 13 dendrogram-defined 
groups obtained as a result of the third cluster analysis (face).
The large group 3 was characterized by the high freq.uency and great 
abundance of Micrococcus luteus group 15 with a mean differential 
colony count of 6.1, followed by M. luteus subgroup 18a with a mean 
count of 3*5 and M. lylae group 23 (mean colony count 3*7)* The 
remainder were numerically small groups of individuals with certain 
rare features which however could not be taken into consideration 
mainly because of their questionable validity as small groups. Group 1 
was strongly characterized by M. varians group 2 with 100 per cent 
frequency (all 6 individuals in the group yielded the organism) and 
with a mean differential colony count of 7*7» and group 7 by M.varians 
subgroup 11b, isolated from 6 out of 7 individuals in the group though 
with a low mean count of 1.0; subgroup 11b was not isolated in other 
groups of individuals. The remaining groups were small, each 
comprising one or two individuals only.
Table 37 compares the characteristics of the large group 3 
with all of the other, smaller groups combined. This comparison was 
considered useful for further clarifying the general Microooccus 
profile of the group 3 individuals. (At the same time, it was realized 
that this would be valueless for attempting to detect any general 
profile of the remaining small groups since they differed so greatly 
from one another).
From this Table it was found that the most striking differences 
shown by group 3 when compared with the remainder groups were the 
total absence of the somewhat rarer Micrococcus groups or subgroups 
'such as the indeterminates (subgroups 6b and 6c), M. roseus (group 4)
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TABLE 36. Characteristics of the 13 dendrogram-defined groups from the results of the third cluster analysis (PAGE).
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NOTES; (table 36).
No, - number of individuals yielding a given Microooccus group/subgroup.
T . - Total number of each group/subgroup
yielded by positive individuals.
Mean - Mean colony count of group/subgroup in positive individuals.
 ^Total number of individuals in each dendrogram- 
defined group from the result of the third cluster analysis (Figure 10 ).
M. kris. - Micrococcus kristinae
M. sed. - M. sedentarius
M. ros. - M. roseus
M. nish. - M. nishinomiyaensis
* a record indicates no isolation.
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TABLE 37* Comparison between dendrogram^defined group 3individuals and the rest of the groups combined;Face.
Group/ GROUP OF INDIVIDUALS; ■SPECIES 3 O T H E R ! 3Subgroup Nd. TOTAL Mean No, TOTAL Mean
12
3a3b
78a8b8o M. varians
15121101100
27231601800
1.8
1.91.50.01.08.00.00,0
48102201
■ 32 51 1 
0 4
901
8.0
6.31.0
0.02.0
4.50.01.08d
911alib12
1314
0200411
060
0
931
0.03.0 0.0 
0.0 
2.33.01.0
1261
512
1462
1316
1.02.01.02.02.61.03.0
1518a M, luteus 4017
2456o 6.13.5 175 928 5.41.618b 1 2 2.0 0 0 0.0
17a17b22
23
M, lylae
00 00
1556
0.00.0 20 50012
2.50.00.06.0715
2
3.7
025a5b M. halobius 130
4i 3.10.0 50 8 1.60.00 010a10b M. kristinae 1 19
1.0
1.3
20 50 2.50.071920 M. sedentarius 32 62 2,01.0 2 2.52 2*0
4 M. roseus 0 0 0.0 2 2 1.0
16 M. nishino- 0 0 0,0 3 1.5'miyaensis
,6a- 6b 
6c 
21a ■ 21b
Indeterminate 00000
00000
0.00.00.00.00.0
0 ■ 1 1 0 0
01
500
0,0l.Q5.00.00.0
no,T O T A L  of individuals 75 25
NOTESa (Refer to Table 36).
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M . nishinomiyaensis(group l6), most of the rarer hiotypes of 
M. varians (subgroups 8b, 8c, 8d, 11a and 11b) and M . lylae sub­
group 17a. However, two more biotypes were noticed to be present 
in group 3 individuals, namely M. luteus subgroup 18b and M. lylae 
group 22. These Micrococcus biotypes were absent from all other 
groups.
Thus, from the cluster analysis for the face, it is possible 
to divide two separate groups among the 100 individuals. Group 3 
was large (75 individuals) relatively homogeneous and, defined by a 
few common types of Microooccus namely M . luteus, -M. lylae and 
M. varians. The other group (25 individuals) was heterogeneous with 
respect to Micrococcus profile.
Returning to Figure 10 , it appears that group 3 was composed 
of two subgroups (subgroups 3a and 3b). It was decided to compare 
these two subgroups of individuals mainly because they seemed to be 
well-defined and could perhaps provide additional information with 
respect to the nature of the large group 3* Table 38 summarizes 
the characters of these two subgroups. Subgroup 3a was the larger, 
with 55 individuals and subgroup 3b the smaller, with only 20, There 
were several interesting features within these two subgroups. Subgroup 
3a was mainly characterized by the frequent occurrence and greater 
abundance of M . luteus group 15 with a mean differential colony count 
of 6.4, followed by M. luteus subgroup l8a with a mean count of 3-5»
M. lylae group 23 whose mean count was 3*9 and M. varians group 1 with 
a high frequency (13 out of 55 individuals) but a slightly low mean 
count of 1.8. On the other hand, subgroup 3b was characterized by 
M. halobius subgroup 5a occurring in half the individual population 
(10 -out of 20 individuals) with a mean differential colony count of 
3.7; this was followed by M. varians subgroup 3a also occurring in half 
the population of subgroup 3b however with a mean count of only 1,5, 
and M. kristinae subgroup 10b which occurred only in this subgroup 
with a mean count of 1,3.
Thus subgroup 3a was the one which displayed more typically the 
characteristics of group 3 as a whole. It was more homogeneous (as
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TABLE 3 8. Gomparison between dendrogE&mvd.efined' subgroups 3a and 3b individuals from the third cluster 
analysis of the 100 individuals; face.
Group/subgroup
SUBGROUP OF INDIVIDUALS ;SPECIES 3a 3bNo. TOTAL Mean No. TOTAL Mean
1 13 24 1.8 2 3 1 .52 9 14 1.6 4 9 2,33a 1 1 1.0 10 15 1 .53b 0 0 0.0 0 0 0.07 1 1 1.0 0 0 0.08a 1 8 8.0 0 0 0.08b 0 0 0.0 0 0 0.08c M. varians 0 0 . 0.0 0 0 0.08d 0 0 0.0 0 0 0.0
9 2 6 3 .0 0 0 0.011a 0 0 0.0 0 0 0,011b 0 0 0.0 0 0 0.012 3 8 2.7 1 1 1.0
13 1 3 3 .0 0 0 0.014 1 1 1.0 0 0 0.0
15 M, luteus 35 225 6.4 5 20 4.018a 16 57 3 .5 1 3 3 .018b 0 0 0.0 1 2 2.0
17a 0 0 0.0 0 0 0.017b M. lylae 0 0 0.0 0 0 0.022 4 4 1.0 3 11 3.723 12 47 3.9 3 9 3.05a M. halobius 3 4 1.3 10 37 3 .75b 0 0 0.0 0 0 0,010a M, kristinae 1 1 1.0 0 0 0.010b 0 0 0.0 7 9 1.319 M, sedentarius 3 6 2.0 0 0 0.020 2 2 1.0 0 0 0.04
16 M. roseus 0 0 0.0 0 0 0.06a M. nishino- 0 0 0.0 0 0 0.06b
6c21a
21a
Tftiyaensis
0 0 0.0 0 0 0.06a Indetermin0wte 0 0 0.0 0 0 0.06b 0 0 0.0 0 0 0.021a 0 0 0,0 0 0 0.021b 0 0 0.0 0 0 0.0
j
■]no-, of r 0 T A Lindividuals .y 55 20
NOTESt (Refer to Table 36).
/
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can be seen from the dendrogram, Figure 10 ) and also larger than
subgroup 3b and plays the main part in determining characters of 
the group as a whole.
B . Results for the abdomen
Figure 11 shows the results of the fourth cluster analysis 
of the 100 individuals based on the differential colony counts 
of Microooccus groups and subgroups isolated from the abdomen. Six 
different groups of individuals were defined semi-subjectively from 
this dendrogram using a dissimilarity coefficient of approximately 
7.4o6 as the grouping level. The largest group was group 3 with 77 
individuals, followed by:
Group 1 (13 individuals)
’ " 2 ( 7  " )
and groups 4, 5 and 6 with only 1 individual each
Table 39 shows the characteristics of the groups obtained as 
a result of cluster analysis. The large group 3 (77 individuals) 
was characterized by M . luteus group I5 in great abundance (420 
isolates) with a mean differential colony count of 7*6. This was 
followed by M . luteus subgroup 18a (mean count of 3*5)» M. lylae 
group 23 and M. varians group 1, both with a mean count of 3.4.
M. varians group 2 and M. halobius subgroup were quite common, 
but were less abundant (their mean colony counts were 3*2 and 3*3 
respectively).
The features of the remaining 5 small groups will not be 
detailed individually. However, these groups were instead combined 
to form a single group containing 23 individuals in order to sharpen 
the comparison of the general Micrococcus profile of group 3 
individuals with the remainder as had previously been done for the 
face (Section 3.4.4,A)
Table 40 compares group 3 with the rest of the groups combined, 
The results were found to be quite similar to that obtained for-the
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Gomparison between dendrogram-defined group 3 individuals and the rest of the groups combined: Abdomen.
Group/
subgroup
• GROUP OF INDIVIDUALS:
aPEGIES ■3 0 T H E R S
No, TOTAL Mean No. TOTAL Mean
1
2
3a3b
.78a8b
8c8d
911a11b
12
1314
M. varians
10
1511
100
1
00
0
4
0010
3^
4921
300
1
00
0600
2
0
3 .4
3 .2
1 .9
3 .0  
0,0 0.0
1.0 
0.0 0.0 0.0
1 .5  0,0 
0.0 2.0 
0.0
11
64
1
11
1
01
4• 4 
0
34
5
42
17
131
51
50
1
511
0
310
19
3 .8
2.8
3.3 1.1
5 .01.0
5 .0  0.01.0
1.3  2.8 0,0 
1.0 
2 .53 .8
1518a18b Ü. luteus
55
190
420
670
7.6
3 .50.0
18101
96
551
5.3
5 .51.0
17a
17b
22
23
M. lylae
0
0
1326
0
0
32
89
0.0
0.0 11
22
1
32 
3
1.0
3 .01.0 
1 .5
5a
5b M. halobius 131 433 3.33 .0
0
0. 00 0.00.0
10a
lOb M. kristinae 00
0
0
0,0
0.0 30 7 2.30.00
1920 M. sedentarius 00 00
0 .0 . 
0.0 3 3 1,03 .52 7
4 M, roseus 0 0 0.0 0 0 0.0
16 M. nishin9- mivaensis 0 0 0.0 1 1 1.0
6a6b
6c
21a21b
Indeterminate
000
0
2
00
0
0
5
0 .0
0 .0
0 .0
0 .0
2 .5
1
0
0
1 
0
20
0
1
0
2.00.0
0.0
1.0
0.0
T O T A L  no, of individuals 77 23
NOTESs (Refer to Table 36).
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face : although group 3 contained 77 individuals there were only a , 
few Micrococcus types (l4 out of 35 Microooccus groups and subgroups). 
Likewise, the combined group (23 individuals) was characterized by 
the presence of rarer Microooccus groups and subgroups in low 
frequency and less abundant, most of which were absent from group 3»
G. Gomparison between face and abdomen
The overall results of the third and fourth cluster analysis 
of the 100 individuals pointed out to the fact that in both cases 
(face and abdomen) there was a single numerically large group 
comprising about three-quarters of the individualsThis group 
exhibited an almost identical overall Microooccus profile on the 
face and on the abdomen, which was characterized by the presence 
in high frequency and great abundance of only a few Microooccus types 
(viz. M. luteus group 15 and subgroup 18a, M . lylae group 23 and 
M. varians particularly groups 1 and 2, and subgroup 3a).
The striking difference in the Microooccus profile between the 
common groups of individuals with respect to the face and the 
abdomen was the greater abundance, in all instances, of these 
characteristic Microooccus groups and subgroups on the abdomen than 
on the face. M. luteus group 15 was almost twice as abundant on 
the abdomen (420 isolates) than on the face (245 isolates). A number 
of other forms were also isolated more abundantly from the abdomen.
For example, M. lylae group 23 comprised 89 colony isolates fro.m the 
abdomen and only 56 from the face; M. varians group 2, 49 from the 
abdomen and 23 from the face, and M. varians group 1 (34 isolates to 
27 from the face). On the other hand, the frequency of these 
Micrococcus types (as opposed to their abundance, when present) hardly 
differed except for M. lylae group 23 which.occurred nearly twice 
as frequently on the abdomen (26/77) as on the face (15/75).
From these findings it became of interest to examine whether 
the two large groups derived by the third and fourth cluster analyses 
were composed of the same, or largely the same individuals. Table 4l 
shows the concordance between the two results of the cluster analyses 
i.e. the large group of individuals (group 3) and all the small groups
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TABLE-4l,- Concordance betv/een dendrogram groupings 
of 100 individuals obtained from cluster analyses of the face and abdomen data respectively.
A B D O M E N
F A C E
GROUP 3 ALL OTHERS
GROUP 3 62 13
ALL OTHERS 13 10
Yate*s - test Degree of freedom-- 1 j P <0,05
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combined for the face versus those for the abdomen ( the larger 
group was also group 3 )• From this Table, it is clear that 62 
individuals were placed in the large group 3 in both the analysis 
for the face and that for the abdomen, that is to say approximately 
83 per cent of group 3 (face) and approximately 81 per cent of 
group 3 (abdomen) were the same individuals. Y&te^s X ®  - test 
indicated that the probability of this distribution occurring by 
chance was less than 0.05, which is of a high order of significance 
statistically.
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3„4.5,"' . Associations between the Micrococcus species (grcups/subgroups)
In a previous Section (Section 3*4.2) it was noted that the 4 
groups of individuals.resulting from the cluster analysis of the 100 
individuals (Figure 6 ), appeared to have been basically determined
by the incidence of certain micrococci only, namely Micrococcus lylae 
group 23f M. halobius subgroup 5a, M. varians especially of group 2 
and possibly M. luteus subgroup l8a. Of these Micrococcus groups and 
subgroups, M, lylae group 23 seemed to play a particularly important 
part in the grouping of these individuals, This micrococcus was generally 
present_ in group 3 individuals (present in 23/24 ^ individuals) and 
was found in nearly half of group'" 4 individuals, but was totally 
absent from group 1 and from all but one individual of group 2.
Since in numerical taxonomy, each character is given the same 
weighting, the apparent determining function of M. lylae group 23 for 
group 3 individuals can only be due to the fact that its presence or 
absence was correlated with the presence or absence of other Micrococcus 
groups or subgroups.
It was therefore thought to be of interest to discover if any 
positive or negative associations between these Micrococcus groups and 
subgroups could, indeed, be found in this study.
Tables 42 and 43 give detailed accounts of the mutual occurrence 
of selected groups and subgroups of Micrococcus (viz. M. varians group 
1, 2 and subgroup 3a>» M. luteus group 15 and subgroup l8a, M. lylae 
group 23, and M. halobius subgroup 5a) on the face and abdomen 
respectively. These Micrococcus groups and subgroups were selected 
mainly for the following reasons, (l) Their frequency of occurrence was 
relatively high (the minimum incidence rate was 24 per cent i.e. in 
M. varians subgroup 3a, see Table 29 ) compared with the remaining 28
groups and subgroups. (2) Their incidence in the 4 groups of 
individuals appeared to vary considerably from one group to the other so 
that it seemed plausible to suppose that the clustering of the 
individuals could in some way have been affected by associations which 
might have existed between themselves and/or between them and the rest 
of the skin microoocci.
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Tables 42 and 43 are too detailed for easy comprehension and 
it was found necessary to summarize the data contained in them. Table 
44 shows this summary. The entries in the columns headed ’No* 
represent the total number of occurrences of groups and subgroups of 
that particular Micrococcus species indicated by the column heading, 
in those individuals in which the selected Micrococcus types (left-hand 
column) were respectively present or absent, (it is important to 
note that ’occurrence*, in‘;this case, means one isolation of the group 
or subgroup and an 'isolation* is defined as recovery of group or 
subgroup from a given individual irrespective of whether one or more 
colony was picked off from the differential plate). ‘Upon inspection 
of this Table and particularly the right-hand summary column, it appears 
that very little information with respect to associations between these 
Micrococcus groups and subgroups has been revealed by this approach. 
However, there does seem to be a negative association between 
M, halobius subgroup 5a- and each of the other Micrococcus species except 
M. lylae. It is possible that the presence of M. halobius subgroup 5& 
tended to reduce colony counts of groups or subgroups of other species 
examined. It is equally possible that those skin conditions which 
favoured M. halobius tended to suppress colony counts of the other 
micrococci.
Figure 12 is another attempt to display the associations between 
pairs of the selected Micrococcus groups and subgroups, based on their 
frequency of occurrence which have been given earlier on in Tables 25 
and 26 , The most important feature to note here is the position of
the 'arrow* which indicates for each pair of micrococci the number of 
individuals expected to yield both of them together. The expected 
numbers have been derived from Tables 45 and 46 • ,
Naturally, in most cases, the incidence rates of various pairs of 
micrococci, occurring together were very much lower than when they, were 
isolated separately. However, several groups of microoocci appeared to 
display positive association on both face and abdomen. These were, 
Micrococcus varians group 1 and 2; M, luteus group I5 and subgroup 18a; 
and M. varians group 2 and M, luteus group I5 , Admittedly, neither the
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FIGURE 12. Associations between pairs of Micrococcus groups 
subgroups on the face or • abdomen of the 100 individuals,
NOTES:
The Figure is based on the data given in 
Tables 25 and 26,
X- - Micrococcus pair examined.
Signs used ; + = presence of .the:
member of- a given pair of Micrococcus groups/ subgroups examined in the individuals.
- = absence of the member of theMicrococcus pair.
Arrow indicates the expected number of 
individuals yielding both the pair, The expected number is taken from the data shown in Tables 45 and 46 respectively. .
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TABLE Mutual occurrences of selected groups and subgroups 
of Miorocqgcpa on the face._______________________
Micrococcus vartans
3
a b abed 11 a b 12Ij 16a b 17 a b 2223 a b 10 19a b 20 16 a b c 21a b
P*(20)
Ai(ao)
0 1 0 0 0 0 0 2 0 0 0 0
1 1 2 0 1 1 3 4 1 8 2
13
34:
0 0 1 
2 0 6
1 0 
2 6
2 0 
4 3
0 1 0  0 0 
0 0 110
P»(2l) 
A:(79)
1 1 0 0 0 1 1 1 0 3 0 0
0 1 2 0 1 0 2 5 1 5 2 3
10 2 
005 614
1 2 
2 4
0 1 
6 3
0 0 0 0 0 
0 1110
3a
5a
Pi(12) 
At(88) I7I8 0 0 1 0 0 0 1 0 0 1 0 01 2 1 0 1 1 2 6 1 7 2 3 5221
10 1 
006 151;
0 1 1 0
3 5 5 4
0 0 0 0 0 0 1110
?i(l8) 
At(82) I8I7
0 0 0 0 1 0 0 1 0 2 0 0
1 2 2 0 0 1 3 5 1 4 2 3
0 0 2 
1 0 5
1 4
2 2
0 0 
6 4
0 0 0 0 0 
0 1110
15 P«(58) At(42)
1313 1 1 1 0 1 0 2 4 1 6 1 3
0 1 1 0 0 1 1 2 0 0 1 0
1 0  4
003
1 2 
2 4
4 4 
'2 0
0 110 0 
0 0 0 1 0
18a P:(22)At(78)
0 0 1 0 0 0 1 2 0 4 2 2  
l4|L7jll 1 2 1 0 1 1 2 4 1 2 0 1
0 0 4
103 1415
0 0 
3 6
4 1 
2 3
0 0 0 0 0 
0 1110
23 Pi(18) A:(82) 17 L9
0 0 0 0 0 0 1 1 0 0 0 0
1 2 2 0 1 1 2 5 1 6 2 5
14 
4418
0 0 2 
105
0 0 
3 6
1 0 
5 4
00 0 0 0  0 1110
NOTES I
The selected Hicrococcus group^ubgroups In the left--hand column of the Table.
Pt Present (i.e. occurrences of other Miorococcus group/aub- 
group in the presence of a given species).
At Absent.'
Numbers in the parentheses denote the number of incidence 
of group/subgroup in 100 individuals.
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TABLE 43. Mutual occurrences of eeloctnd groups and subgroups of MLcroeoccufi on the abdomen,
Hicrococcus varians
3
alb
8bed 11a b 1; 15 18a b 17alb 2223 a b 10alb IÇ20 16 6 .a b c 21a b
P i ( 2 l )
A«(79)
1 0 0 0 0 0 2 6 0 2 3 0
0 1 0 1 0 0 3 2 0 1 1
14
4 5£
0 0 11 01126I131 0 0 4 0 1 12 0 0 0 10 0 10 0 12
P»(24) 
A:( 76)
0 0 0 0 0 0 2 2 0 2 1 1
0 1 0 1 0 0 3 6 0 1 3 3
1 1
0 0
2 0 
2 0
0 1 
3 1
0 0 0 0 0 
10 112
3a P«(12)A i (88) 0 0 0 1 0 0 1 2 0 0 1 0  0 1 o%o 0 0 4 6 0 3 3 4 64 25
0 0 
11
0 0 
4 0
0 0 
3 2
0 0 10 1 
10 0 11
5a Pt(l3)Ai(87)
0
Zl2Ctl0
0 0 0 0 0 0 0 1 0 0 0 0
0 1 0 1 0 0 5 7 0 3 4 4 64
0 0 
11
0 0 
4 0
0 0 
3 2
0 0 0 0 0 10 112
15 Pi(72)A«(28)
i4zc 8 1 1 0 1 0 0 4 4 0 3 3 4
0 0 0 0 0 0 1 4 0 0 1 0
11
0 0
3 0
1 .0
3 2 
0 0
0 0 0 0 1 10 111
18a P i (29)Ai(7l)
0 0 0 0 0 0 4 2 . 0 1 4 3
1 1 0 1 0 0 1 6 0 2 0 1
0 0 
1 1 191
1 0 
3 0
3 1 
0 1
000 00  
10 112
23 P«(2?)Ai(73) 19 LO
0 1 0 1 0 0 1 0 0 1 1
0 0 0 0 0 0 4 8 0 2 3 4
019 7 
53122
0 0 
1 1
1 0 
3 0
3 1 
0 1
0 0 0 0 2 
10 110
NOTES I ( Refer to Table 42'),
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TABLE Number of individuals from which microoocci of 
different groups or subgroups were isolated simultaneously, showing also those which could 
have been expected by chances FACE ._________
Group/subgroup :
1 Observed no. Expected no.
(21)
2, Observed no. 6 (21) 'Expected no. 4.41 -
3a Observed no. 3 3 (13)Expected no. 2.73 2.73 -
5a Observed no. 2 4 3 (18)Expected no. 3.78 3.78 2.34 -
15 Observed no. 14 l4 6 7 (5.8)Expected no. 12.18 12.18 7.54 10.44 -
l8a Observed no. Expected no.
6
4.62
4
4.62
1
2.86
4 17 
3.96 12.76
(22)\
23 Observed no. Expected no.
3
3.57
2
3.57
3
2.21
3
3.06
14
9.86
4 (17 ) \
3-74 -
Group/subgroup; 1 2 3a. 5a V 15 I8a .1, 23
NCTES: Figures in the parentheses, thus s (6o), are the
total number of individuals from which each group subgroup was isolated.
The expected number of individuals harbouring BOTH groups/subgroups is;
ab
where a = number of individuals harbouring the 
first group/subgroup, b = number of individuals 
harbouring the second group/subgroup and ■' t ==-total number of individuals examined, in 
this cas-e 100 .
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TABLE 46. Number of individuals from which micrococci of 
different groups or subgroups were isolated 
simultaneously, showing also those which could 
have been expected by chance % ABDOMEN ,
 ^ \
Group/subgroup ' \
1 ObservedExpected
no.
no.
(21)
2 ObservedExpected
no,
no.
8
5.04
(24)
3a ObservedExpected
no.
no.
4
2,52
3
2.88
(12)
5a ObservedExpected
no,
no.
0
2.73
4
3.12
2
1.56
(13) -
15 Observed no. 14 20 8 8 (72)Expected no. 15.12 17.28 8.64 9.36 -
l8a Observed no. 8 7 4 1 26 (29)Expected no. 6.09 6.96 3.48 3 .77 20.88 -
23 Observed no. 1 5 2 5 19 7 (27) \Expected no. 5.67 6.48 3.24 3.51 19.44 7.83 -
Group/subgroup : 1 2 3a 5a 15- 18a 23
NOTES: ( Refer to Table 4j ).
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numbers nor the difference between the expected and observed values 
are great, but the fact that the same trend was observed on both face 
and abdomen maizes it worthy of comment. It is also notable that two 
of these pairs were of the same species (M. varians.and M. luteus 
respectively) suggesting that the reason for their mutual occurrence 
may have been the existence of some favourable conditions of the skin 
in those individuals which yielded both of a pair. There also appeared 
to be some association between M . luteus group 15 and M . lylae group 23, 
but this occurred only on the face; for the abdomen, the observed number 
of individuals yielding both forms was no greater than the expected 
number. It is perhaps note-worthy that in almost all cases of positive 
associations M . luteus group 15 was involved.
Negative associations (indicated by the number of individuals 
yielding both microoocci of a pair being lower than the expected number) 
were less striking. However, there seemed to be a slight tendency for 
M. varians group 1 and M, halobius subgroup 5a to be mutually exclusive, 
(indeed on the abdomen the two were never isolated together) and likewise,
M. varians group 1 and M. lylae group 23. Also, there appeared'to', be a 
slight negative association between M. halobius subgroup 5a and M. luteus 
group 15» on the face.
It is also worth pointing out that the patterns of mutual occurrence 
shown in Figure 12 are, in general, quite strikingly similar for face 
and abdomen suggesting perhaps that these two sites are not very 
dissimilar with respect to those conditions wtiich influence the micrococcal 
flora.
Because of the relative lack of evidence of either positive or negative 
association yielded by the above method it was considered necessary 
to proceed with a different approach using the relative abundance of 
the Miorococcus groups and subgroups as indicated by their relative 
colony counts; the hope was that this would more efficiently display 
associations between the microoocci than shown by the findings based on 
their incidence alone.
.08
Tables 47 and 48 show the mean colony counts of the seven 
selected groups and subgroups of miorococcus displayed by individuals 
on the face and the abdomen respectively. From mean colony counts of 
these microoocci it was thought that it would be possible to determine 
whether the presence or absence of one miorococcus group or subgroup 
tended to suppress or promote the other i.e. whether there existed a 
negative or positive association between them. At first sight,
Tables 47 and 48 seem to suggest that nearly all pairs of microoocci 
when present together (in comparable pairs) show negative associations 
as demonstrated by the apparently reduced mean colony count. However, 
it was later realized that this apparent effect was artefact arising 
from the manner in which the data had been obtained. When the number 
of colonies counted is limited (in this case 20) the presence of one 
organism of the pair will automatically lead to a reduction of, the total 
colony count possible for the second member of that pair. (For example, 
when A is absent colony counts for B could be 0 to 20; but if A is 
present yielding, say 6 colonies, the maximum colony count for B is 
reduced to l4). Thus the comparisons of mean colony count given in 
Tables 47 and 48 ape misleading and it is claar that they cannot be 
taken as giving evidence of any negative association between the pairs 
of microoocci tabulated.
However, the question of positive or negative association between 
pairs of micrococci, as revealed by relative colony counts can be 
dealt with by a different approach. This was done by calculating the 
rank correlation coefficient, based on Spearman's correlation test, 
of each of the given micrococcal pairs using their relative colony counts 
(Tables 25 and 26 ); followed by determination of probability levels
of the correlations between the pairs.
It appeared from Tables 49 and 50 that very few positive 
associations were found between the micrococcal pairs; only one on the 
face and three on the abdomen. Of these, M. luteus group 15 and M. halobius 
subgroup 5a were positively associated, though at a low level of
significance, oh both face and abdomen; M . luteus group 15 and
M. varians group 2, and M. luteus group 15 and M. varians subgroup 3a on
the abdomen only. It is rather striking that, as in the previous section.
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NOTES: (TABLES 4? and 48).
^ Number of individuals positive.
^ MGG - mean colony count in those individuals 
positive in the left-hand column. 
Individuals negative for both groups/ 
subgroups are excluded.
^ + = presence of group/subgroup.
- = absence " " "
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all positive associations seemed to involve M . luteus group 15, although 
none of them was of a high order of significance. Using the former 
method, a slight positive association had heen shorn between M. luteus 
group 15 and M. varians group 2 on both face and abdomen; however in 
the present method this association was displayed on the abdomen only.
Unlike the findings obtained using the previous method, most of 
the associations between pairs of microoocci were found to be negative, 
and many of them were of a high order of significance (P<0.05, denoted 
by underlined values). For example, M, varians group 1 appeared to 
show a significant negative association with M. varians subgroup 5a,
M. halobius subgroup 3^  and M . lylae group 23; M. varians group 2 with 
all the forms except M. varians group 1 and M . luteus group 15;
M. halobius subgroup 3 ^  with M. luteus subgroup 18a; and M. luteus 
subgroup l8a with M . lylae group 23 on both face and abdomen. Other 
associations were displayed on either the face only (such as between 
M. varians group 1 and M . luteus subgroup l8a, M. halobius subgroup 5a< 
and M . lylae group 23) or the abdomen only (M. varians groups 1 and 2).
The most highly significant negative associations appeared to be 
between M. lylae group 23 and M. varians group 1, and M. lylae group 23 
and M. varians group 2, both as revealed on the abdomen. Returning to 
Table 29 it was found that in the case of M. lylae group 23 and 
M. varians group 1 there was almost complete mutual exclusion of one 
group in the presence of the other (i.e. when one was present the other 
tended to be absent) as shoTm in Table 46 only one individual yielded 
both groups, although the expected number was 5*67. Thus, no 
quantitative difference in relative colony counts was involved. Between 
M. lylae group 23 and M. varians group 2, the nature of the negative 
association appearedto.be slightly different: when both members of the 
pair occurred together, each usually showed a low colony count; usually 
a high colony count for one member was found only in the absence of the 
other. Thus, it seemed possible that this pair were tending to suppress 
each other, i.e. that an antagonism might have existed between them. 
Although the two pairs of micrococci mentioned above also displayed a 
negative association of. a high order of significance on the face
195
(Table 49 ) the difference between the nature of the negative 
association of one pair and the other, as described above was less 
distinct.
For the sake of completeness of this study, it was decided to 
examine finally the extent of any associations between pairs of 
micrococci isolated from either skin areas (face or abdomen), 
comparing males and females respectively. This was carried out as in 
the foregoing section using Spearman's correlation test to calculate 
the rank correlation coefficients and probability levels of the given 
micrococcal pairs for males and females separately. ‘
Table 5i summarizes the nature of these associations (each 
indicated by a *+.* or '— ') and their order of significance (underlined 
values denote P<0.05). It thus becomes clear that, in fact, this 
Table does no more than reflects the previous Tables 49 and 50 .
No great differences between the males and females were found, A few points 
however, may be worthy of comment. For example, a significant negative 
association of the highest order was between M. varians group 2 and 
M, lylae group 23 on the abdomen of the males; in females, the negative 
association, though still significant(P <0.05), was less so.
Associations between M. varians group 1 and M. halobius subgroup 5a», 
and M. halobius subgroup 5a and M. luteus l8a were more of significant 
in males than in females (both for face and abdomen).
The only significant negative association found on both sites and 
in both sexes was between M. luteus subgroup 18a and M. lylae group 23, 
which tended to confirm the previous findings (Tables 49 and 50 ); 
thus, this micrococcal pair was negatively associated irrespective of 
sex of -the individuals and also the different skin areas.
The positive, association displayed by M. varians subgroup 3a and 
M. luteus group 15 as shown in this Table might also confirm the previous 
findings, although the level of significance shown was of a low order.
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TABLE 51* Associations of pairs of Micrococcus groups/subgroups isolated from the face or abdomen of male and female 
individuals.
Association . .between Micrococcus*
M A L E F E M A L E
P A G E ABDOMM F A C E ABDOMEN
GROUP 1 / group 2 
" /subgroup 3a 
" /subgroup 3^
" / group 15 
" /subgroup 18a 
" / group 23
0.64o4^(-) 
0.0498 (-) 
0.0271 (-) 
0.1470 (-) 
0.1594 (-)
0.1425 (-)
0.5171 (-) 
0.1122 (-) 
0.0077 (-) 
0.6567 (-) 
0.6069 (-) 
.0.0127 (-)
0.9799 (-) 
0.0938 (-) 
0.0728 (-)
0.5955 (-) 
0.0572 (-)
0.0224 (-)
0.0177 (-) 
0.1940 (-) 
0.5034 (-) 
0.5715 (-)
0.0829 (-) 
0.0010 (-)
GROUP 2 /subgroup 3&
" /subgroup 3^
" / group 15 
" /subgroup 18a 
" / group 23
0.1379 (-)
0.0692 (-) 
0.0607 (-) 
0.0136 (-) 
0.0806 (-)
0.5851 (-) 
0.0075 (-)
0.1526 (+) 
0.0288 (-) 
0.0002 (-)
0.0941 (-) 
0.0917 (-)
0.0085 (+) 
0.1644 (-) 
0.6540 C-)
0.1264 (-) 
0.5616 (4-)
0.5711 (+) 
0.0067 (-) 
0.0490 (-)
SUBGROUP 3a/®^S„p 53, 
/ group 15 
" /subgroup l8a 
" / group 23
0.0279 (-)'
0.0648 (+)
0.0344 (-)
0.1485 (-)
0.7300 (-) 
0.3241 (+)
0.2646 (-)
0.1545 (“)
0.5167 C-)
0.6648 (+) 
0.0681 (-) 
0.6024 (-0
0.2200 (-) 
0.5896 (+)
0.0240 (-)
0.0139 (-)
SUBGROUP 5a/ group 15 
" /subgroup l8a 
" / group 23
0.0058 (-) 
0.0039 (-) 
0.6397 (-)
0.5525 (-)
0.0045 (-')
0.0499 (')
0.0661 (+) 
0.6723 (-) 
0.2076 (-)
0.0152 (+) 
0.7031 (-) 
0.9073 (-)
GROUP 15/subgroup l8a 
" / group 23
0.6169 (■”) 
0.9521 (-)
0.7619 (-) 
0.8707 (-)
0.8644 (-)
0.5837 (-)
0.3085 (-). 
0.9194 (-)
SUBGROUP l8a/group 23 0.0470 (-) 0.0104 (-) , 0.0023 (-)
Î
0.0194 (-)
NOTES:
Level of 
test.
probability by Spearman's rank correlation
Underlined values denote probability levels of less . ■ 
than 0.05 ( P < 0.05).
Sign in the parentheses - nature of the association 
between a given pair of Micrococcus groups/subgroups ; 
whether positive (+) or negative (-) .
D I S C U S S I O N
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DISCUSSION
1. Taxonomie relationship of skin' microoocci
1.1, Methodology
1.1.1 Choice of tests for•differentiating the genera Staphylococcyg 
and Miorococcus
One of the first conclusions arrived at during the present 
study was that the differentiation of the two genera Staphylococcus 
and Miorococcus was more difficult than it seemed to be from 
description in textbooks and other published work, and this seems to 
be the view of many practical workers in medical microbiology. This 
is mainly because most if not all tests described are far from being 
absolute in their differential power and, in practice, cannot be used 
as single criteria. The oxidation-fermentation test (o/p test) for 
example, originally proposed by Baird-Parker (I963) as a sole 
criterion for differentiating the staphylococci (defined by their 
ability to ferment glucose) and the microoocci (either oxidative or 
unable to attack the sugar at all) has several flaws. The test often 
yields vague results, for certain strains of micrococcus produce 
strong acid aerobically and certain staphylococcal strains are slow 
in fermenting glucose. This has led to false interpretations in the 
hands of many authors (Klesius and Schuhardt I968, Auletta and Kennedy 
1966, Mortensen and Kocur I967, and Gibson I967) and was also found 
to be a difficulty earlier on in this study.
Anaerobic growth in thioglycollate medium is the other test 
which has been used in determining the ability of these organisms 
to grow anaerobically and ferment glucose (Evans and KLoos I972). 
Although this test was suggested by these writers to be the best 
substitute for the O/P test in the differentiation of staphylococci 
and microoocci, they found that at least two of the strains they 
examined were aberrant: one, with DNA-base composition of 68 to 7I 
per cent moles GG (identifiable as Miorococcus) slowly produced 
moderately heavy growth both aerobically and anaerobically; the other, 
with 37 per cent moles GO (Staphylococcus) grew poorly aerobically 
and showed no ■ growth anaerobically.
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Susceptibility to lysostaphin, a bacteriolytic enzyme 
(lysostaphin endopeptidase), extracted from a Staphylococcus epidermidis 
strain K-6-W1 (Baird-Parker 1974a, Schindler and Schuhardt 1964) 
was proposed by Lachica ^  al. (1971 ) as a further aid to differentiation, 
The test quite efficiently separates staphylococci, which are lysed 
by the enzyme, from microoocci, which are resistant. However, the 
lysostaphin producing strain (S . epidermidis K-6-Wl) is resistant 
to lysis by the enzyme (Baird-Parker 1974a) and the inference is that 
other staphylococci, too, might be found to be resistant; moreover 
some Miorococcus luteus and M. r os eus strains have been reported by 
Schleifer and Kloos (1975) to be slightly sensitive to this enzyme.
Thus even this test is not absolute.
The only test believed to be absolute for differentiating the- 
two genera Staphylococcus and Miorococcus is determination of DNA- 
base composition. The staphylococci have a low percentage mole of 
GG contents of their DNA ranging from 30 to 40 mole per cent, whilst 
micrococci have a high percentage ranging from 66 to 75 mole per cent 
(Baird-Parker 1974b). Nevertheless, this test is far too tedious and 
time consuming to be carried out in work which requires rapid and 
frequent identification, such as routine laboratory investigation 
and epidemiological studies; its application will be limited.
For these reasons, in selecting a test protocol for 
differentiating staphylococci and micrococci, one is left with but two 
choices, namely (l) determination of DNA-base composition, or 
(2) attempts to devise a combination of tests which are faster and 
require slightly less effort, accepting that a single result is not 
absolute, and attempting to make a judgement from a combined result.
Since the present study dealt with a large number of isolates 
to be identified and classified, the combination of tests was much' 
preferred. In fact, Baird-Parker (1974a) had suggested the use of 
a combination of anaerobic growth and lysostaphin sensitivity, 
although reports on using this combination alone seem to be rather 
scarce. Kloos et (1974) and Schleifer and Kloos (1975), the 
present leading authorities on taxonomy of microoocci and 
staphylococci respectively, used both these tests together with several
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other more sophisticated ones such as determination of DNA-base 
composition, cell-wall teichoic acid and peptidoglycan composition 
for differentiating the two genera (Table 3 ), They however
did not include in their reports any recommendation on the appropriate 
form of combination for future use.
In the present study, the method finally chosen (for reasons 
given below) was to use a combination of four tests, namely ;
Oxidation-fermentation test.
Anaerobic growth in thioglycollate medium.
Lysostaphin sensitivity.
Coagulas© production.
The oxidation-fermentation test has become indispensable in 
the past, so much so that one cannot afford to exclude it. (Moreover 
an improved method has been proposed by Andrews(l976), which could be 
examined). The anaerobic growth and lysostaphin sensitivity have 
been shown (Evans and Kloos 1972, Lachica et al. 1971) to be 
strongly correlated with DNA-base composition. The coagulase test 
was included for several reasons. Firstly, it gave useful 
confirmation in the case of orthodox Staphylococcus aureus strains 
which were lysostaphin sensitive and failed to grow anaerobically. 
Secondly, if positive, it sometimes enables an identification of 
Staphylococcus to be made, even in the case of strains which gave 
doubtful results with the lysostaphin and anaerobic growth test.
Lastly, in the case of staphylococci, it yielded additional information 
as to whether the strain was S. aureus, although this information 
was not required for the present study.
Although these tests were read simultaneously, if the strain 
was not S . aureus (the coagulase test being negative), the ' 
differentiation between a coagulase-negative Staphylococcus and 
Miorococcus was based on the results of at least two of the remaining 
three tests (O/F test, anaerobic growth and lysostaphin sensitivity). 
The best correlation appeared to be between anaerobic growth and 
lysostaphin sensitivity since occasionally the O/f  test failed to 
correlate with either test or both.
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The combination of four tests used in this study was found to 
yield satisfactory results. In every case, the differentiation of 
staphylococci and microoocci was possible using this combination 
alone. The combination of tests was particularly useful as an aid 
to overcome misinterpretation of vague results, which were not 
uncommonly found when using a single test, in particular the o/f 
test, as the sole differentiative criterion for the two organisms.
Among the 1,888 Miorococcus isolates found in this study the 
most common combination of test results (o/p test, anaerobic growth, 
lysostaphin sensitivity and coagulase production respectively) was
This combination was specific for almost all microoocci and
1,888 isolates (99*7 per cent) were identified by this combination. 
As mentioned earlier, the anaerobic growth test and lysostaphin 
sensitivity were the more specific and it was found that they could 
be used to determine the correct interpretation of the O/F test when 
this did not yield clear-cut result.
Five Miorococcus isolates (0.3 per cent) gave the following 
pattern
and were regarded as Micrococcus 
strains which were nonetheless slightly sensitive to lysostaphin.
Among the 2,112 staphylococcus isolates the most frequent 
combination observed was
+ + + *—
This pattern occurred in l,44o strains (68.2 per cent). It 
specified the majority of the coagulase-negative staphylococci isolated
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(1,44'Û out of 1,910 strains; 75-4 per cent). It is clear that most 
coagulase-negative staphylococci can he defined hy their ability to 
ferment glucose, grow anaerobically and their sensitivity to lysos­
taphin (lysostaphin resistant strains were not found in this study).
Among the staphylococci, this combination was followed in 
frequency by
—  +  +  —
This pattern occurred in 470 strains (22.3 per cent) and 
specified the remaining coagulase-negative staphylococci (470/1,910;
24.6 per cent). These were the atypical staphylococci which showed 
inability either to ferment glucose at all, or at least within the 
specified incubation period. In these cases, the results of anaerobic 
growth and sensitivity to lysostaphin became vital in preventing 
misclassification.
The less frequent combinations were
+ + + +
and —  + + +
These were found in I92 strains (9 .O per cent) and 10 strains 
(0 .5 per cent) of the 2,112 Staphylococcus isolates respectively. Both 
combinations specified Staphylococcus aureus although the latter 
combination tended to suggest that,like some of the coagulase-negative 
staphylococci, certain strains of this species were either slow at 
fermenting glucose or unable to do so. In any case, this result 
rendered the O/F test questionable in its usefulness for differentiating 
staphylococci and micrococci.
The combination of the four different tests used was found 
invaluable in this study for the differention of the two genera. An 
alternative to this might be simply a combination of only two tests, 
namely anaerobic growth in thioglycollate medium and sensitivity to 
lysostaphin carried out on all isolates, followed, in the small 
number of cases where this combination gave equivocal results, by
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o/f and coagulase tests; it is worthwhile pointing out however no 
such equivucal cases were found in the present work.
There are other possibilities for differentiating staphylococci 
and micrococci, some of which have received studies by other workers, 
and this section will be concluded with a brief discussion of a few 
of them.
There have apparently been no attempts to use serological methods 
for the differentiation of the two genera since Nakhla (1973) reported 
that the results of serological (slide-agglutination) and biochemical 
testing did not give an exact correlation. Although this may be so, 
there is still scope for investigating at least the correlation between 
antigenic structure and biochemical classification, including that . 
developed in the present study and perhaps also the one proposed by 
Schleifer and Kloos (1975)* The latter is, in a way, a mere improvement 
of the previous biochemical scheme for the differentiation of 
staphylococci and micrococci originally proposed by Baird-Parker (I965) 
and used by Nakhla (1973) in his comparison. It is therefore likely 
that using strains of staphylococcus and micrococcus Identified by 
either of the present biochemical methods and attempting to differentiate 
them serologically might yield a better correlation between the two 
approaches. If this is so, serological methods might prove to be an 
acceptable substitute for biochemical methods in the future differentiation 
of staphylococci and micrococci.
Phage-typing is known to be one of the most specific techniques 
for differentiating bacterial strains and a wide range of phages is 
available for typing strains of Staphylococcus aureus. Coagulase- 
negative staphylococci are in general not lysed by the set of phages 
currently used for typing S. aureus. Dean ^  (l973) showed that
similar phage sets could be obtained for coagulase-negative staphylococci 
and for micrococci also, and concluded that a useful typing scheme 
could be developed for these organisms. It is likely that phage-typing 
■of coagulase-negative staphylococci and microoocci offers scope for further
studies. The possibilities of differentiating staphylococci and 
micrococci by phage-typing methods; perhaps by using pools of both
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staphylococcus and miorococcus phages in the routine identification 
of the two genera remains to he investigated.
Finally, one of the important current advances in medical 
microbiology is the use of gas-liquid chromatography (GLG) as an aid 
to the identification of bacteria. • It is a sensitive technique which 
can be used for the determination of classes of compounds and it 
includes the following procedures; (l) analyses of volatile metabolites,
(2) analyses of extractable metabolites (fatty acids, carbohydrates, 
amino-acids), (3 ) pyrolysis gas-chromatography, for example, of whole 
cells, and (4) determination of fermentation products, which has been 
particularly employed in recognition of anaerobic bacteria (Mitruka 
1973)* Gas-liquid chromatography affords a method for the simultaneous 
determination of a wide variety of compounds (multicomponent analyses) 
and a single test run can yield a sufficient number of characters for 
taxonomic study without recourse to any other tests, Sokal and Sneath 
(1963) referred to such techniques, which yield many characters in a 
single technical procedure, as polyphénie methods. The principle of 
GLG is to pretreat cells in such a way that a large number of their 
chemical components can be subsequently'separated (hydrolysed or 
fractionated into various components), volatilized and chromatographed. 
Different microorganisms often yield chromatographic profiles with the 
many peaks in common, but certain peaks tend to be unique and 
characteristic of cells of a given species. Thus, it becomes possible 
to recognise different microorganisms through their chromatographic 
signatures. Apart from the reports on success of using GLG in 
identification of various bacterial genera and species (e.g. Kaneda I967, 
Oyama and Carle I967, Reiner and Kubica I969, Yoshioka et al. I969,
Gate et al. 19701 Farshy and Moss I970, Jantzen et I972 and 
Huisin't Veld ^  al. 1973), Ishizuka et (I966) were able to find 
marked differences between carbohydrate contents of Miorococcus and 
Staphylococcus by this technique, and Girard (I970) was able to show 
various -percentages of principal cellular fatty acids in different 
species of Miorococcus and Neisseria. It would therefore be of 
particular interest if the differentiation of staphylococci and 
micrococci could in the future be achieved by application of the 
GLG technique.
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1.1.2. Choice of tests for differentiating forms of microcoQoi
One early conclusion of the present study was that it is 
futile to attempt to examine a collection of staphylococci and 
micrococci together, using computer classification methods to 
analyse the results, and expect that the staphylococci will be clearly 
separated from the micrococci. This was, in fact, attempted in an 
early stage of the present work (Figure 1 ) and the results was that
a number of the ensuing groups contained both staphylococci and 
micrococoi, as judged from the results of the o/F test (at that 
time the lysostaphin test was not being used). The main reason for 
this confusion lay in the equal weighting which the numerical taxonomy 
programme gives to each test employed: thus, although the O/F test 
was one of the characters used, the differential results it gave were 
swamped by the remaining biochemical test reactions in which 
staphylococci and micrococci respectively gave patterns which were of 
no distinguishing value.
Once a satisfactory method of distinguishing the micrococci have 
been developed, it was possible to turn attention to the selection of 
a suitable battery of tests for recognising different groups and 
subgroups. The test selected were :
Pigmentation: Yellow.
Cream-white.
Grayish-white,
Pink.
Orange,
None.
Growth on 7 .5 per cent NaCl.
Glucose (aerobic acid production).
Gelatin hydrolysis.
Nitrate reduction,
Acetoin production.
Arginine dihydrolase.
It would have been satisfying to have selected all these tests 
on the same rational basis, for example by use of the BIOTYPE
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programme which has a facility for selecting the best test in 
decreasing order of separation value. In the event however, the tests 
were chosen for a mixture of reasons: (l) all of them except certain 
pigments (namely pink, orange and none) were shown by the BIOTYPE 
programme to yield high separation values though not necessarily the 
highest (see Table 17 ), (2) all have been employed by various recent
workers (Kocur et al, 1975» Kocur and Schleifer 1975» a,nd Qnishi and 
Kamekura 197%) and the results would therefore be highly comparable,
(3) some of the tests particularly pigments of various colours including 
lack of pigment have in the past been regarded as important criteria 
and are still current so that one can scarcely afford to leave them out.
It was found in this study that although pigment production was 
one of the characteristics included, for reasons given in Section 3«2, 
this was less reliable than the biochemical characters. It was 
concluded that pigment production was an unsatisfactory character for 
two reasons. First, the dendrogram from the cluster analysis of the 
190 biotypes (Figure 5 ), based on all the biochemical characters
but including only two pigments (pink and orange), yielded a more 
satisfactory and comprehensible grouping than a previous one (not 
included in this thesis)in which all of the pigments were scored.
Second, as pointed out in Section 3*2, unless tested for under 
controlled conditions of time and temperature of incubation and exposure 
to light, pigment production will remain a doubtful characteristic of 
any given species of micrococcus. Further use of this character, 
without standardization of technique, might lead to confusion and 
misclassifieation of the organisms involved. Although a former 
classification of the staphylococci was based on pigmentation, (golden- 
yellow colonies of coccus were specified as Staphylococcus aureus, 
white colonies as S . albus and greenish-yellow as S . citreus) this 
classification was unsatisfactory. It later became apparent that not 
only were the staphylococci being wrongly assigned.to the different 
species, but even these species were heterogeneous (e.g. 8, citreus 
contained certain staphylococci, micrococci and possibly even saroinae 
judged by the pigments they were reported to produce).
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1.2. Computer classification of skin micrococoi
The use of computer techniques, such as cluster analysis, in 
taxonomy can no longer be regarded as new. Attempts on the 
determination of the internal relationship of groups of bacteria 
using clustering methods have been made many times before '"[e-.g.; ,
-.Pohja and Gyllenberg I962, Goodfellow I969, 1971» Holmberg and Nord 
1975, Jones 1975» bee ok 1977 and Yanagawa 1975)* However, in 
this study, the approach to the use of this technique had to be 
somewhat unusual due to the extremely large number of isolates to be 
processed (1,888). This number exceeded by far the limit in the 
number of entries in the data input normally capable of process by 
the GLUSTAN programme, i.e. 250.
One possible strategy might have been to divide the total 
collection of isolates into batches of 250 strains each, cluster 
analysing these batches separately, selecting nucleus strains or 
groups from the result of each of the analyses and assembling them for 
a final clustering. Such a strategy could have involved much time and 
effort. The BIOTYPE programme composed by Bryant (unpublished) was 
thought to offer the best available alternative for the purpose. This 
programme is a matrix reducing one which is capable of condensing a 
very large number of isolates into smaller groups, thereafter recognised 
as biotypes. Successive runs of the programme, adding further 
collections of isolates result either in the incorporation of the new 
strains into existing biotypes or the recognition of novel strains as 
further biotypes which are added to the original set.
1.2.1. The results
The strategy used was, therefore: reduction of isolates to smaller 
number of biotypes by the BIOTYPE programme, followed by clustering 
of the biotypes into different groups by the GLUSTAN programme. The 
important feature is that the clustering programme was used to sort 
biotypes, not strains as is customary. This strategy was found to be 
a success in this study. The BIOTYPE programme reduced a total of
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1.888 strains isolated to I90 biotypes which then became perfectly 
possible for the GLUSTAN lA programme to deal with, finally resulting 
in the recognition of 35 groups and subgroups of Micrococcus.
Nevertheless, two disadvantages were detected in the BIOTYPE" 
programme, and this was not too surprising since the programme had 
not been fully tested when it was used in the present study. First, 
it transpired that a certain amount of judgement had to be exercised 
in deciding the appropriate threshold number of test similarities for 
admitting new strains to an existing biotype. This was rendered more 
complicated because two features had to be considered; (l) whether 
the separation criterion for the reduced matrix should be based on 
1, 2, 3 or more test differences, (2) once biotypes had been set up, 
their test results were expressed as probabilities and it was necessary 
to decide what difference in probabilities between two biotypes should 
be deemed adequate for that test to become a differential one, e.g.
90 per cent, 80 per cent or less. Second, unlike clustering programmes^ 
the BIOTYPE programme was found to be highly sensitive to alterations 
in the battery of tests employed. Any alteration made in the test 
battery could, it was discovered, result in a quite different biotypes 
output. This is, of course, one of the expected properties of the 
programme since biotypes formation is based on the selection of certain 
tests of high separation value. In the case of GLUSTAN, each test is 
given equal weighting so that it becomes much more resistant to 
alterations in the test battery.
Because of these disadvantages, after a number of trials, the 
BIOTYPE programme was used once only for the purpose of condensing
1.888 isolates into I90 biotypes and the resulting biotypes were 
immediately subjected to cluster analysis. Until the disadvantages 
mentioned above can be overcome, it would seem wisest to use the 
BIOTYPE programme once only, to reduce the data matrix.
An alternative method for classifying the isolates would have 
been principal components analysis. This method examines the relation­
ship between a multidimensional order of variables (see Introduction: 
Section 3*3«)« Although the method often yields useful results, when 
tried in this study it was found to produce indistinct grouping, little
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could be gained from the results and the technique was therefore 
abandoned. Nevertheless, the result of the principal components 
analysis was a useful warning as to the possibility of the isolates 
examined being rather more homogeneous than cluster analysis later 
suggested. The result of cluster analysis, was thus approached with 
caution in case the groups yielded by this technique were partly or 
largely an artefact produced by the clustering algorithm.
1.2.2. Analytical methodology
In employing cluster analysis one of the main dilemmas, in most 
cases, is found to lie in choosing the appropriate output for further 
study. The programme employed, GLUSTAN lA, offers six clustering 
algorithms and the results of each of these is output as a separate 
dendrogram: the problem is, which to choose. There is no classification 
logic which would aid one in determining which of the dendrograms 
represents the 'best* results (there are also, in fact, 40 different 
similarity criteria which can be chosen for producing the matrix upon 
which the clustering algorithm operates). In practice, the user often 
picks the method which either; (l) appears to give the most compact 
and discrete groups (and this may sometimes be partly an artefact of 
the clustering system) or (2) yields groups which, on inspection, 
appear to fit best with his expectation.
Yet another problem in which judgement has to be exercised is 
deciding the level of similarity at which groups will be defined, 
i.e., in the case of a dendrogram, at which level to draw the horizontal 
line which will enable groups to be recognized. Again, the approach 
is pragmatic; the user selects a level for separation of groups which (l) 
will be not too large and not too small, for subsequent tabulation and 
analysis, and (2) will yield groups which, on examination, appear to 
do least violence to existing concepts.
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1,2.3» Groupings of skin micrococoi
Ward's method of clustering was chosen because it appeared to 
satisfy the criteria listed in the previous section. The dendrogram 
obtained by this clustering method yielded groups which were compact 
and reasonably discrete from each other. Upon further inspection, 
these groupings were found to be comprehensible and fitted well with 
one's expectations in that most of them were fairly readily 
identifiable as recognised species.
Using this dendrogram, it was finally decided that the 'best* 
separation level was that which yielded 35 groups and subgroups of 
Micrococcus (dissimilarity coefficient somewhat less than 8.0).
Setting a higher level would have resulted in a much reduced and more 
manageable number of groups, but the chosen level was considered to be 
the best and most appropriate because ;(1) the collection was large 
although the number of groups obtained seems high, they have been 
constructed from a total of I9O biotypes which in turn had been derived 
from a total of nearly 2,000 isolates (1,888) of Micrococcus, (2) the 
strains or biotypes appeared to be highly varied in their 
characteristics, and (3) the setting up of large groups would have 
entailed including in each group strains which had been identified 
as belonging to several different species.
The results obtained from this study confirm the findings of other 
workers, that micrococoi of the skin comprise various different species, 
in this study, these were Micrococcus varians, M. luteus, M. lylae,
M . halobius, M . kristinae, M . sedentarius, M. roseus and 
M. nishinomiyaensis plus an indeterminate group. By and large, other 
workers have found a similar range of species. For example, Kloos et al.
(1974) reported the occurrence of all except M. halobius on the human 
skin and this was confirmed by Kloos and Musselwhite (1975) who 
isolated similar species of Micrococcus in their study on distribution 
and persistence of aerobic bacteria on human skin. However, in the 
present study, all save two M. roseus and M . nishinomiyaensis occurred 
in more than one group, emphasizing the heterogeneous nature of these 
organisms on the human skin. M. varians. in particular, was found 
to be the most heterogeneous species of all comprising I5 different 
groups and subgroups.
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The study also confirms the suggestion made in the Introduction 
to this thesis that the findings could provide useful tools for 
future studies of general epidemiological and ecological patterns in 
human skin microflora. A simple biochemical classification method 
has been described which entails the carrying out of only 7 laboratory 
tests, is reproducible and permits the recognition of 35 groups and 
subgroups without recourse to more sophisticated techniques such as 
serology, phage-typing or gas-liquid-chromatography. The classification 
devised in this study should be sufficient.for useful further work 
and it should be possible to assign any Micrococcus form to the 
appropriate group or subgroup without further computation merely by 
matching its properties with those displayed in this classification. 
Nonetheless, should a perfect match not be found for one or a number 
of isolates, a variety of approaches would be possible: (l) subjective
judgement, in which one would base a conclusion on approximate 
matching, (2) calculating crude similarity coefficient between the 
unknown strains and those already included in the classification 
and the highest value to indicate correct identification, (3) re-running 
the GLUSTAN programme with the inclusion in the data input of the 
unidentified strains and noting which groups/subgroups they fall into,
(4) using tabulated properties of the gi'oups and subgroups to 
construct a data matrix which could form the basis for a probabilistic 
identification programme of the form proposed by Bas comb ^  al_. (1973).
1.3. Diversity and possible evolution of the micrococcal skin flora
The findings from this study finally pointed to the fact that 
the skin micrococci, unlike many other established species of the 
normal biota, appeared to be an unusually varied group of organisms. 
However, because of the nature of this study (survey of 100 individuals 
on one occasion only), these findings can lead to speculations rather 
than firm conclusions of the ways in which this diversification might 
have come about. One possible explanation for the micrococci to be 
the most varied group on the ’human skin might be that components of 
the skin secretions such as free fatty acids, amino acids and salts 
differ from one individual to another. Previous workers have detected 
no striking effects of skin secretion upon the different genera of the 
skin microflora, except for some cases: certain secretory substances
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such as fatty acids may he stimulatory or inhibitory according to the 
group of organism (Ricketts at I95I, bury and Rebell 1952,
Puhvel and Reisner 1970» and Woodroffe and Shaw 197*4); it may be that 
amino acids exert similar effects. The great variation observed 
among skin micro cocci may be at least in part due to the evolutionary 
pressure of such factors. For example, it could be that the presence 
of arginine on the skin surface might promote growth of those species 
of Micrococcus which have the ability to break doT-m this amino acid 
(one such species is M . sedentarius ) and might have provided the 
evolutionary pressure leading to the emergence of the species.
Another factor could be that the micrococoi are not among the 
more fastidious groups of bacteria and can survive in a wide range of 
environmental conditions favourable or not; moreover, they appear to 
be nutritionally highly versatile. Thus, it may be that the 
characteristic human flora has evolved at least in parts by contamination 
from environmental sources, with subsequent adaptation of those strains 
able to take advantage of a particular nutritional or other factor.
Another factor to be considered in any speculation regarding the 
evolutionary history of the skin micrococci is that, whilst micrococci 
themselves appear to multiply very well on the skin surface the 
habitat is strictly restrictive for other groups of organisms. This 
ability of micrococoi to multiply on the skin, relatively free from 
competition by other groups of bacteria, would lead to competition 
between strains of Micrococcus for the range of nutrient available 
and could in time, lead to specialization and diversification.
Finally, unlike most staphylococci which Kloos and Musselwhite
(1975) believed to be capable of inhabiting the deeper, more 
anaerobic, portions of follicles, the micrococoi appear to be capable 
only of inhabiting the more exposed outer areas of the epithelium.
The same authors pointed out that the staphylococcal skin floia showed 
less geographical variation than the micrococoi. This may be due to the 
fact that the micrococoi are in greater contact with the external 
environment and would so be more subjected to the influence of those 
environmental factors .that vary between geographical regions. 
Alternatively, Kloos and Musselwhite (1975) suggested that the variation
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of the species in the external environment occasioned by geographical 
or climatic factors ; frequent contamination would then play a part 
in determining the composition of the micrococcal skin flora.
1.4 API - a bacterial identification system
In recent years a number of proprietory kits for the identification 
of bacteria have been introduced into routine laboratory practice; 
the most well known of these being the various API systems. There 
is no API or any other kit for the identification of micrococoi 
although an API Staphylococcus kit has recently been introduced. It is 
interesting to speculate whether such a kit could be devised for 
micrococci and what possible difficulties would be encountered in 
trying to develop it.
The API-STAPH method allows the identification of coagulase- 
negative staphylococci as follows. It is based on the classification 
of the staphylococci proposed by Schleifer and Kloos (1975) using 20 
biochemical tests. The API-STAPH kit consists of a gallery containing 
a set of 20 biochemical test substrates and an inoculation medium.
A suspension of the coccus is made in the inoculation medium and 
distributed in the gallery. After incubation at 37°G for 24 hours 
(or 48 hours when necessary) the results are examined and transformed 
into a coded set of figures. The bacterial strains is identified by 
referring to the results chart or to the index.
There is nothing special about this system compared to others 
with respect to using a battery of biochemical tests and the aid of 
a differential chart for the identification of bacterial species.
However, the unique feature of this system lies in the subsequent 
identification with the aid of an index. This index allows an 
unknown strain to be identified by comparing its numerical profile 
with those listed in the index.
The tests are grouped in threes, and the coding principle is 
as follows:
0 MNE TRE MEL VP SAG ADH = 1
GLU MAL MAN NIT RAF MDG URE = 2
FRU LAG XLT PAL XYL NAG = 4
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Each positive reaction recorded is given a determined value.
Value 1 for the first test of each group (O.MNE,TRE....
Value 2 for the second test of each group (GLU,MAL,MAN URE)
Value 4 for the third test of each group (FRU,LAG,XLT .... NAG).
By adding^up the positive values obtained for each of the seven 
groups and running them together, a seven-figure number which 
corresponds to a numerical profile is obtained. For example, if the 
results are ;
0 GLU FRU
T Î Î
MNE MAL LAG TRE MAN XLT
T Î Î T T T
MEL NITT ; PAL VP RAF XYL+I.4 +I1
(contd,) SAG MDG NAG ADH
Î I +
URE
+
V
The numerical profile ( 6 ?06 113.) corresponds, in the index,
to 6 706 113 Staphylococcus epidermidis. Each biotype of a given
species has a code (numerical profile) of its. oï-m and all are 
included in the index for reference. In the case of unusual profile 
the user is advised to refer to the provided differential chart. It 
is important to note however that the index has been based mainly on 
test significance of weighting in which the first tests (O,MNE,TRE ... 
ADH) valued as 1 are considered to be the least significant and the 
third (FRU,LAG, XLT ,,, .NAG) valued as 4 to be the most significant 
of the three tests listed in each group.
Apart from this weighting feature, the index system is in fact 
no more than a summary of a lengthy and elaborate differential chart 
comprising combinations of test reactions (+*s, — 's) and a list of 
different biotypes of staphylococci. Nonetheless, the index serves 
as a much easier and less confusing form of reference than a complete 
differential chart. The main difficulty in developing the index 
system is in formulating the code; which tests are'.to be grouped together
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and what their ranking order of priority in the weighting should be. 
There is a good prospect of using index systems in tbe near future 
particularly in epidemiological and ecological studies of organisms, 
since it can be applied directly to the computer using the available 
codes of the organisms examined.
In the author’s opinion, a similar kit could be devised 
for the micrococoi or any other organisms as long as they can be 
characterized specifically by biochemical, methods. It would also 
be possible to construct an index based ■ on a similar principle 
particularly if one has all or a collection of different strains or 
biotypes of the organisms with their specific characters already 
known, and can determine grouping and weighting of tests. The drawback 
in devising a kit for the micrococci would be that, at the moment, 
it would be limited to skin micrococci only since Microooccus types 
from other sources have not been investigated in detail. A system 
developed at present might be less useful later when a wider range of 
micrococoi is available. Moreover, unlike staphylococci, micrococci 
are probably of insufficient importance in the medical world for such 
a kit to be highly in'demand. It would however be interesting, to 
construct a micrococcus index from the findings in this study, and 
this might be possible since the many biotypes of micrococoi have all 
been characterized biochemically. However, this would require further 
biochemical studies of the different groups and subgroups in order to 
enlarge the battery of tests since six tests would certainly be 
insufficient to produce an index separating 35 groups.
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2. Ecology of skin miorococci
Studies on carriage or frequency of occurrence of the microhiota 
of healthy persons may either be cross-sectional (a large, hopefully 
representative, sample population is examined on one or a few occasions) 
or longitudinal (chosen individuals are sampled repeatedly over a period 
as pointed out by Armstrong-Efether and Smith (I976). The present study 
involved examination of 100 individuals on one occasion only each and 
was thus cross-sectional. It was hoped that the number of isolates would 
be sufficiently large and representative to allow a meaningful taxonomic 
study, the results of which could be applied back to the 100 individuals 
to ascertain any grouping within them.
The approach to this study in employing numerical taxonomy in an 
attempt to classify human individuals according to the nature of their 
microflora, appears not to have been attempted before although computer- 
approach has now been used extensively and successfully in other ecological 
studies.
The cluster analysis of the 100 individuals used .in this study 
were basically of two different forms: one was based on the occurrence of 
35 different groups and subgroups of Micrococcus in these individuals 
irrespective of either isolation sites or sexes of individuals; the other • 
on the relative abundance (using differential colony counts) of the given 
micrococoi with either face and abdomen combined or separately. Of these 
forms, the former (on occurrence basis) was found to produce a more 
satisfactory and easily comprehensible results, although some information, 
could be gained from the results of the latter, which might prove useful 
for future studies. —
The results of cluster analysis of the individuals based on the occurrence 
of 35 Micrococcus groups and subgroups was shown in Figure 6 . It was
possible to discern semi-subjectively 4 major groups of individuals. Upon 
close inspection of the tabulation given below this Figure and also Table 
Z9f it appeared that basically the composition of these 4 groups had 
been determined by the frequency of occurrence of several micrococci only, 
namely, M. Ivlae group 23, M. halobius subgroup M. varians group 2 
and M . luteus subgroup l8a. Thus, although 35 groups and subgroups of
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Microcoocus were detected in the 100 individuals, at first sight, 
a mere four of these appeared to he significant in determining their 
groupings. It was thought that the apparent determining function of 
these micrococcal forms for the four groups of individuals could only • 
be due to correlations between the various Micrococcus groups and 
subgroups found on the skin.
Therefore, statistical analysis of the associations between . 
selected pairs of Micrococcus groups and subgroups including all four 
forms mentioned above (Tables 49 and 50 ), was carried out. Most of
the associations between given micrococcal pairs proved to be of a high 
order of significance. In addition to the four previous groups and 
subgroups which could be discerned from Table 29 as playing an important 
part in determining the 4 groups of individuals, 2 more can be added, 
namely, M. varians group 1 and subgroup 3a. The distribution of micrococoi 
among the whole population of 100 individuals was not random i.e. not 
occurring by chance,otherwise cluster analysis would have resulted in 
one large homogeneous group rather than four fairly distinct groups.
This might have been due to several factors operating on the skin surfaces 
of the 100 individuals examined. However, since this study only represents 
a snap-shot image of the Micrococcus profiles on the skin of human 
individuals, it is difficult to do more than speculate on the various 
possible factors leading to the display of these profiles,
2.1. Possible factors affecting occurrence of skin miorococci
It has been shown in this study that there are at least 35 different 
groups and subgroups of Micrococcus which can be isolated from the face 
and abdomen. Because of the existence of the several forms it is conceivable 
that there might be interactions among them, with the results that 
certain forms would be mutually associated and certain others negatively 
associated with one another. Thus, certain forms would tend to occur 
together regularly, while those which are negatively associated might 
either suppress the other members or even exclude them, such that these 
forms very rarely appear together.
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One possible factor leading to the exclusion or suppression of 
one particular group or subgroup of microcoocus by another could be 
competition for scarce nutrients. In this event, only one or a small 
group would remain on a particular skin area. The remaining few might 
tolerate the presence of the other members possibly because their 
nutrient requirement might slightly differ. Just what these scarce 
nutrients might be would be difficult to determine. Although some 
miorococci can grow using ammonium N as a sole nitrogen source, others 
presumably require a range of amino acids (Baird-Parker 1974^)* A 
fairly wide range of amino acids occurs in skin secretions (Noble 
and Somerville 1974). Thus, if one of these was scarce in the skin 
secretion and.acted as growth factor for two or more types of ' 
microcoocus, that type which assimilates it most avidly would exclude 
the rest. It would be difficult to demonstrate which amino acids would 
act as growth limiting factor in this way, since they would presumably 
be absent from the secretion, having been taken up by the microbial 
population.
In this context, it would be interesting to compare the skin 
secretion of conventional,fully contaminated individuals with that of 
partly decontaminated individuals of similar age group (decontaminated, 
perhaps by topical application of antibiotic to the skin or perhaps 
obtaining materials from individuals undergoing orally administered 
antibiotic decontamination whilst hospitalised for bone marrow 
transplant). Alternatively, one could study the skin secretion from 
gnotobiotic animals which can be obtained entirely bacteria-free.
Other candidates which might be investigated as possible growth 
limiting factors, for Dicrococci.' • on the skin could include non-amino 
organic nitrogen compounds, trace elements acting as essential growth 
factors, B group vitamins and perhaps fatty acids.
Another factor could be that certain forms of microcoocus tend 
to liberate antagonistic agents such as toxic metabolites, bacteriocins 
or phages. These agents would hinder or inhibit growth of other forms^ 
(incidently, reducing competition for nutrients) on an area. These 
possibilities could be tested for ^  vitro by cross-streaking experiments
218
and by conventional methods for detecting bacteriocin production and 
phage activity. However, whilst such antagonisms can frequently be 
demonstrated vitro it is difficult to obtain evidence that they
play any major part vivo in determining the nature of bacterial 
flora.
Yet another possible factor could be that there exist different 
physiological skin conditions which influence the nature of micrococcal 
flora. These differences might be intrinsic (arising from age, sex or 
hormonal differences) or extrinsic —  arising from influences of the 
environment on the individual skin physiology (e.g.* temperature, 
humidity) or even by some alteration to skin physiology resulting from 
the micrococcal population itself.
2clol# Influence of skin sites
As a matter of interest, comparison was made between the face 
and the abdomen to examine whether the apparent difference between the 
two skin sites would also result in the difference in the profiles of the. 
normal flora particularly that of micrococoi..
By and large, there were no differences found except minor ones ^ 
which included the following. It appeared that in the males (but not 
the females) staphylococci were harboured more frequently on the face 
than on the abdomen and this difference proved to be statistically 
significant. Likewise, more females yielded staphylococci from the 
face than from the abdomen but the difference was not significant.
In the cluster analyses based on the differential colony counts of 
the Microooccus groups and subgroups, face and abdomen separately, 
the difference was in the greater abundance of the characteristic 
Micrococcus groups and subgroups (Section3.4.4*-, ) on the abdomen than 
on the face.
However, none of these differences were remarkable and in 
fact, both dendrograms resulting from the cluster analyses displayed 
a single group with a large number of individuals and various other 
smaller groups. In both cases, the 'staircase* appearance was distinct
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suggesting a normal pattern of distribution within the population of 
individuals examined. It is thus unlikely that the Microooccus 
profile on the face differs greatly from the abdomen and this might 
well prove to be true of other skin areas if examined; except for 
specialized areas such as the inner’ear, axilla and interdigital 
spaces of the foot.
2plo2. Sex difference
Apart from the main apparent differences between the two sites 
(face and abdomen) chosen for study, the only other obvious difference 
which could be compared with respect to the occurrence and relative 
abundance of the microooccus forms was sex of the 100 individuals 
(50 males and 50 females) examined.
As pointed out in the previous section, the isolation rate for 
staphylococci was, in males, significantly greater for the face than 
that for the abdomen. The same trend was observed in the females, 
but to a slighter and.non-significant degree.
It was also found, in the cluster analysis of the 100 individuals 
based on the occurrence of the 35 Microcoocus groups and subgroups 
which resulted in the discerned 4 groups of individuals, that the 
majority (81.8 per cent) of individuals of group 2 were males whilst 
,the majority (?0.4 per cent) of those of group 4 were females (Results, 
Section 3«1 ). It has been noted earlier on in Section 3*^ that
the distribution of the micrococcal forms among the population of 
individuals was by no means random ; each of the 4 groups of individuals 
tended to display a characteristic micrococcus profile. Since the 
profile of group 2 differed from that of group 4 and also, these two 
groups differed markedly as to sex, it can be concluded that sex 
difference does influence the micrococcal flora of the human skins at 
least, it did so in groups 2 and 4 individuals.
Another difference found between the two sexes was the 
significant negative associations displayed on both face and abdomen
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of the males by M. varians group 1 and M. halobius Subgroup 53-» S'Ud 
M. halobius subgroup 5a and M. luteus subgroup 18a; these 
associations were of a low order of significance in the females. 
Possibly the skin surfaces of the males differ slightly from those 
of the females such that these associations are more clearly 
demonstrated on the former.
According to Noble and Somerville (1974), sex does play a 
part in determining the normal cutaneous flora at least in young 
adults. Although these writers suggest that the differences in 
the two sexes might be in the amounts and composition of the 
secretions reaching the skin as well as the direct effects of sex 
hormones on the skin they provide very little evidence for these 
suggestions. No other reports on factors affecting the composition 
of the normal cutaneous flora, resulting from sex differences, have 
been found so that further studies on the subject will be needed.
It would be of interest if a similar study could be carried 
out on pre-pubertal children in order to find out whether groups 
analogous to groups 2 and 4 in this study occurred, or whether some 
different or more random arrangement replaced it. It should be 
pointed out that the individuals studied were all young adult males 
and females in whom any sex hormonal differences were likely to be 
marked.
.2. Differences between the two groups of individuals in the
survey
It may be recalled from Section 4,1 of Materials and Methods, 
that the 100 individuals involved in the survey were originally 
from 2 groups of 50 individuals (25 males and 25 females per group) 
•examined separately. One group was examined between October and 
December of 1977-‘3'nd • the other between February and April of the 
following year. The reasons were partly because: (l) it would haVèC 
otherwise involved a large work load in the laboratory investigation 
of the isolates, and (2) the quantity of data would be beyond the
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capacity o±' the computer programmeuse-that it was necessary to 
process the isolates into the two groups and to compute the data 
separately.
Incidently, by doing so, it became possible to compare the 
Microcoocus profiles of these two groups of individuals with 
respect to the different periods involved.
It has been shoT-m (Figure •'4 ) that although little
difference was found between groups 1 and 2 in yielding the more 
frequently isolated species (M. luteus. M. varians and M. lylae) 
the main differences were apparent in the less frequent species
namely, M. halobius, M. kristinae, M. sedentarius and in particular 
M. roseus. These differences i 
highly significant (P<0.01).
pus. were, by X,~ - test, found to be
There were several possibilities for these differences.
Firstly, there could have been unwitting variations in the methodology. 
For example, improvement of the technique of carrying out the tests 
and interpreting the test results might have led to some apparent 
differences between groups 1 and 2. A more subtle argument with 
respect to methodology could be that in the case of M. roseus, for 
example, the variation might be in the technique for detecting 
pigment production. In practice, production of pigment was detected 
by examining a plate culture after a two-day incubation at 37°G and 
three days at room temperature under diffused lighting (the latter 
condition was to encourage maximum pigmentation as suggested by Cowan 
and Steel 1970). Since temperature (room temperature) and light 
intensity are two major factors affecting pigment production, it 
becomes obvious that the two might have differed greatly during the 
given periods. Moreover, it should be pointed out that a long break 
(almost two months) between the period of sampling and examining 
the two groups was involved. Therefore, it seems possible that in 
group 1 these conditions (temperature and light intensity) may have 
favoured the production of the characteristic pink pigment in 
M. roseus whereas in group 2 they were unsuitable for this feature 
to develop, leading to some misidentification.
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Another possibility might be due to the different environmental 
conditions which might have a direct or indirect effect on the 
survival or growth of M. roseus. For example, it is possible that 
temperature may directly affect growth of the organism particularly 
on exposed skin areas such as the face. Also, clothing habits of; 
volunteers under different seasonal conditions may have provided 
the appropriate temperature, humidity or other micro-environmental 
factors for this organism especially on unexposed areas of the skin 
such as the abdomen. Perhaps under colder seasonal conditions one 
might expect physical activity to be at a minimum, more clothing 
worn to such an extent that nearly all skin surfaces are covered 
and washing habits to be less frequently practised. In some such 
way, the differences in seasonal conditions might have played a part 
in determining the occurrence of M . roseus and obviously the 
condition in group 1 must have favoured the species.
These findings again emphasize the greater value of sequential 
studies on these organisms, possibly throughout a 12 months period, 
in order to ascertain whether the .skin Micrococcus profile would 
differ on the skin with respect to time. Such studies would 
undoubtedly be useful in elucidating some of the basic aspects of 
the ecology of skin micrococci and perhaps could even lead to 
greater understanding of the normal flora of the human skin as a 
whole.
A C K N O W  L E D G E M E N T S
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